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ABSTRACT

The objective of this research was to determine the relationship between the

center protection factors (PF's) of a large sample of facilities as evaluated in

accordance with the Engineering Manual (PF-COMP) and the center PF's of the same

facilities as evaluated in the NFSS prior to February 1967. The 334 buildings in

zhe statistical sample were selected from San Jose, Albuquerque, New Orleans, Detroit,

and Providence. In sdditlon co PF's reported in ,FFT !*V's!s . - 2 nd PF's

calculated by PF-COMP using RTI collected data, the following separate estimates of

the center PF were determined: NFSS Phase 1 and 2 methods using RTI input data, PF-COMP

using NFSS input data, and PF-COMP using NFSS input data supplemented by additional

building data collected by RTI. As a result of this statistical analysis, conclusions

regarding the relationship of the seven PF estimates are:

1) Revised NFSS PF's for individual buildings should not be estimated nor is

any advantage seen in revised estimates of Phase 2 shelter PF's available in a

geographic area such as a county. This conclusion is drawn beciuse NFSS Phase 2

(P2-NFSS) PF's are nonconservative (high) when compared to Engineering Manual-RTI

(EK-RTI) results and because of the difficulty in obtaining Phase 2 PF values

other than by PF category.

2) PF's calculateJ using NFSS Phase 1 and 2 procedures and RTI collected input

data (Pl-RTI and P2-RTI) are both conservative (low) when compared to EM-RTI

results. The nonconservative results determined in the NFSS are therefore

attributed to data collection discrepancies.

3) Many buildings surveyed in the NFSS prior to February 1967 have PF's less

than 40 and are consequently not contained in Phase 2 data files. The regression

equation developed for the total sample to determine the relationship bet-.ween

P1-NFSS and EM-RTI could be used to estimate PF's of buildings in this category.

These results would be useful in damage assessment when analysis of areas as

large as a county are made.

4) Procedures have been established whereby NFSS Phase 1 and 2 input data

collected prior to February 1967 can be processed by PF-COMP. However, because

of input discrepancies noted in NFSS data when compared to RTI collected data,

this method of estimating revised values for shelter stories is not reco-ended.

5) A comparison of NFSS Phase 2 data with EM-RTI data indicated that (a) each

proceduro identified shelter on the same story for 3z7 stories; (b) there are

41 stories identified as shelter stories by the NFSS that were not found to have

shelter by PF-COMP; and (c) PF-COMP identified 133 shelter stories that are not

contained in NFSS files. The conclusion is that the current use of PF-COMP will

substantially increase the number of shelter stories in the NFSS.
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Statistical Analysis of NFSS Protection Categories

I. INTRODUCTION

'The National Fallcut Shelter Survey (NFSS) was designed to identify fallout

shelter space in all buildings other than single family dwellings. Before February

1967, Phase 1 of the NFSS used a computer program at the National Bureau of Standards

(NBS) to obtain a "first estimate" of the protection factors in the buildings,

and Phase 2 was a follow-up to more completely identify and locate the probable

shelter areas in the buildings. In Phase ], the basic dimensions and structural

information were recorded on Film bptical Scanning Device for Input to Computers

(FOSDIC) forms and processed throug the NFSS/NBS computer program [Ref. I]. The

output from this program was a listing of the protection factors (PF) within each

building. Manual corrections to the computer results were made in Phase 2 to

account for aperture sill heights, areaways, and partitions not reported in

Phase 1.

In 1964, the Research Triangle Institute (RTI) began writing a computer program

(PF-COMP) [Refs. 2 and 3] to calculate the protection factors in a building by pro-

cedures more nearly like those of the detailed Engineering Manual method. - ' This

program was designed to consider the effects of sill heights, areaways, and partitions,

Lhereby eliminat.ng the "manual corrections" carried out in Phase 2. The program

output provides the shelter analyst with a detailed analysis of the protection factor

at the center of each story of a structure and displays the PF's for eight other

predetermined locations on each story. It also provides estimates of the shelter

boundaries and number of shelter spaces available on each story. This prograL

(PF-CL1P) replaced the Phase 1 and Phase 2 NFSS procedures for shelter evaluation

in February 1967.

To date, approximately 182 million shelter spaces with a PF of at least 40

have been identified in t.. total NFSS [Ref. 7). This is far short of the t,=ber

needed to shelter the total U. S. population. However, many buildings have :.reas

within them with PF's just below the "cutoff" point (PF 40) and thus their indication

as shelter is highly aependent on the accuracy of :he shelter evaluation programs.

in addition, the results of OCD Work Unit 1115A [Ref. 8) showed that the NFSS

Phase I PF's were generally substantially lower than hand calculated PF's determined

-/ The term "Engineering Manual" refers to the PF computational method described
in References 4 and 5 and contained in Reference 6 as the "Detailed Procedure."
The PF-COMP. Program initially was based on data presented ia Reference 6,
supplemented by Radiation Shielding Analysis charts dated June 1964. Subsequent
revisions to the "Engineering Manual" netnod have been incorporated in PF-COMP
to keep it zurrent with the shielding state-of-the-art.
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using the Engineering Manual procedure for the same facility, although NFSS

Phase 2 results for eight of the 32 sample buildings were nonconservative.

-Because of the small sample of only 32 buildings in that study, it was not

posaible to determine reliably a useful relationship between the EM PF and the.

NISS PF. The PF-COMP Program now enables Engineering Manual type results to be

obtained for buildings without performing tedious hand calculations.

Th- cbjective of the present research was to determine the relationship

between the center PF's of a large sample of facilities as evaluated in accordance

vith the Engineering Manual and the center PFs of the same facilities as evaluated

in the NFSS prior to Yebruary 1967. Mathematical relatinships for estimating

revised PF values for NFSS structures with selectsd characteristics are given.

The sources that contribute to the total variance between the Engineerir3 Manual

PF and the NFSS PF are also identified and PF estimates are given for buildings

which could be recalculated using PF-COMP procedures and NFSS Phase 1 and 2 input

data.

The scope of work for this contract is given in Appendix A.
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II. SAPLE DATA

E

Under OCD Work Unit 1159C, Structural Characteristins of NFSS Buildings

[Ref. 9], the frequencies of occurrence of selected structural attributes in a

statistic-al sample of National Fallout Sheltez Survey (NFSS) buildings in the cities

YT of Providence, New Orleans, Detroit, Albuquerque, and San Jose were determined. The

structural claracteristics analyzed included: dimensions, nusber of stories, apertures,

foundation, substructure, exterior valls, frame, roof, floors, and interior partttions.

L Additional data necessary for protection factor analyses by the NFSS/NBS and PF-CO&P

Computer Programs were also obtained for use in this project.

A sufficient number of buildings were surveyed in each city to give a relative

standard error of approximately twenty percent for an estimate of a structural attri-
- bute which occurs in twenty-five percent of the buildings in each city. To achieve

this degree of statistical accuracy, it was estimated that a sample of 309 buildings

would be sufficient, divided among the cities as follows:

Providence 67

New Orleans 60

Detroit 74

Albbquerque 53

San Jose 55

Ii A sample of this size obviously enables a more accurate determination of the

relationship between Enginee!ring Manual PF's and .FSS PF's to be =ade than was
F

possible using the 32 buildings surveyed under OCD Work Unit I15A.

-he geographic areas surveyed vere the entire Standard Hetropolitan Statistical

Areas of the above cities, except for the portion of tl.z Providence SMSA that lies

in Massachuse-ts. Special facilities (tunnels, caves, etc.) and buildings where

I licenses have been refused were excluded from consideration. A rando= sample of

buildings to be surveyed was selected from the remainder of the NESS birkldinas

(NFSS facility numbers) in the SMSA. In addition to the basic sample in each & A,

alternate buildings were selected in order to have substitute buildings for those

where entry was denied and in order to enlarge the sample when time permitted the

survey of additional buildings; 334 buildings were act,ally surveyed.

B. Protection Factor Computations

Engineers and analysts from RTI visited the local building inspectors, city

engineers, city planning personnel, and others to collect da!a for each building

from building plans, Sanboni Maps, geological maps, building codes, etc. A visit

3



was then made to each building site to verify these data and to obtain any additional

data necessary to determine the following separate estimates of the center PF for each

shelter story:

1) PF reported under NFSS Phase I (Pl-NFSS).

2) PF reported under NFSS Phase 2 (P2-NFSS).

3) PF by NFSS Phase 1 methods using RTI input data (Pl-RTI).

4) PF by NFSS Phase 2 methods using RTI input data (P2-RTI).

5) PF from PF-COMP using NFSS Phase 1 and 2 building input data (EM-NFSS).

6) PF from PF-COMP using NFSS Phase 1 and 2 input data plus additional building

data collected by RTI survey tears (M-NFSS and RTI).

7) PF from PF-COMP using building input data collected by RTI survey teams

(EM-RTI).

NFSS Phase 1 (Pl-NFES) PF's were previously calculated by the National Bureau

of Standards using Architect-Engineer (AE) supplied input data, and NFSS Phase 2

(P2-NFSS) PF's were datermined by the AE's by modifying Phase 1 PF's as required.

Data for calc lating the remaining PF's were collected in the field survey phase of

Work Unit 1159C as described above and actual PF calculations were performed under

the present project. Procedures used and problems encountered in obtaining the

NESS PF's and in calculating the remaining five PF's are contained in the following

secticns:

1. Phase l-NFSS

NFSS Phase 1 input data for the sample buildings were 'btained on computer

tape from the master NFSS files at the National Bureau of Standards (NBS).

However, output data frcm the PF computations were not ontained on computer

tape at NBS or at the National Civil Defense Computer Facility (NCDCF) where

official NFSS records are now maintained. ierefore, it was necessary to

review compater printouts to obtain NFSS Phase 1 output data. Information

for facilities survey through 1963 were available in Office of Civil Defense

(OCD) Pentagon Files; printouts for facilities surveyed in later years had to

be obtained from that part of the OCD data bank at the Institute for Defense

Analyses (IDA). In addition to the 7'F of each story of all building parts,

the contributions (reduction factors) from the ceiling and from each wall were

obtained from these print )uts.

2. Phase 2-NFSS

In Phase 2 of the NFSS, the AE's collected data regarding aperture sill

heights, areaways, and interior partitions; these data were recorded on the

front of the Phase 2 Data Collection Form (DCF). The effect of these building

parameters on the PF were determined and the PF category, as shown in Table I,

was reported on the front side of the DCF for each shelter story. Details of
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these calculations were sometimes, but not always, reported on the back side

of the Phase 2 Data Collection Form (DCF) for each shelter story. Only data

located on the front side of the Phase 2 DCF were recorded on NFSS computer

tapes at NCDCF. Of the 292 shelter stories with a Phase 2 NFSS PF reported,

132 iere reported to be in a PF category different (higher or lower) than

reported in NFSS Phase 1. In many cases, the back of the DCF could not be

obtained and in many other cases the computations were not reported on the

DCF. Therefore, only the PF category fur some shelter stories was available

for analysis of Phase 2 PF's. The values used in analyses involving Phase 2

results for such stories are also shown on Table 1.

Many buildings and building parts analyzed in Phase I were not reported

in Fhase 2 because the adjusted PF did not meet the prescribed minimum of 40.

In buildings that were divided into "building parts" for PF analysis in Phase 1,

it was quite common for only one part to be contained in Phase 2 records. These

buildings presented considerable problems of identification in this analysis

because such results in Phase 2 were labeled as "Part 00" with no relationship

to Phase I parts given. Shelter marking sketches were evaluated, when available,

from the Corps of Engineers or Naval Facilties Engineering Command, and

engineering judgments were made to correlate Phase 1 part numbers with Phase 2

results for such facilities.

Table 1
PROTECTION FACTOR CATEGORIES

Protection Factor (PF) Reduction Factor (RF)

RF Used In
Category Range Range Phase 2 Analysis*

8 over 1,000 Less than .0010 .001

7 500 - 1,000 .0020 to .0010 .002

i 6 250 - 499 .0040 to .0020+ .003

5 150 - 249 .0067 to .0040+ .006

4 100 - 149 .0100 to .0067+ .009

3 70 - 99 .0143 to .0100+ .012

2 40 - 69 .0250 to .0143+ .020

1 20 - 39 .0500 to .0250+ .038

0 10 - 19 .1000 to .050D+ .075

*NFSS Phase 1 Reduction Factor (RF) data computed by NBS and furnished to the AE were
reported to only three decimal places; therefore, the values used by RTI in analysis of
Phase 2 PF's when only the PF category was known are the means of the RF range rounded
to the third decimal place.
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3. Phase I-RTI

Data obtained in the RTI field survey of the sample buildings were used

to prepare FOSDIC forms for all buildings using NFSS Phase 1 instructions

[Ref. 101. The division of complex buildings into building parts again

presented identification difficulties. Marking sketchcy&, NFSS FOSDIC forms,

or NFSS Phase 2 DCF's were quite often difficult or impossible to obtain and

some such data were required to assign RTI building part numbers that would

correspond to NFSS assigned numbers. Because of the sensitivity of the

NFSS/NBS Program to erasures and other indications that might cause errors

in interpretation of input data, many FOSDIC forms had to be processed several

times to get acceptable results.

4. Phase 2-RTI

Using NFSS Phase 2 procedures [Ref. 11], adjustments were made to the

Phase I-RTI PF's to account for aperture sill heights, areaways, and interior

partitions. The actual values calculated using these procedures were used in

analyses involving Phase 2-RTI data. The data for the building characteristics

required to make the PF and RF adjustments were also obtained in the field survey

phase of OCD Work Unit .1159C.

5. Engineering Manual-NFSS

All NFSS building data required in Phase 1 and 2 calculations were

reported on Phase 1 FOSDIC forms and on the front of Phase 2 DCF's.- / Records of

these are maintained on computer tape at the National Bureau of Standards and

NCDCF, respectively. Manual transcription of data from these records to a

form suitable for processing by the PF-COMP Program would have been a tedious

and time-consuming task and would have led to transcription errors. Therefore,

a computer program was written to extract NFSS data and reorganize it for use

by the PF-COMP Program. NFSS data (especially for contaminated planes and

interior partitions) collected priir to February 1967 are not nearly as extensive

as those normally collected for the PF-COMP Program, but could be mcolified for

processing. These results indicate ,he PF's that could be cbta:n4Ed if the

earlier 11FSS data were recalculated uixing a program based on the Engineering

Manual.

6- Engineering Manual-NFSS and RTI

As indicated above, NFSS data colleo'ted in Phases 1 and 2 do not describe

a building as completely as data collectek' for processing by the PF-iOMP

Program. Therefore, NFSS data were supplemented by more complete data cr, lected

2/ It is noted that only the detailed NFSS Ohase 2 calculations using these
building data were reported on the back of tht DCF and consequently not always
available.

6



for PF-COMP analyses and PF's in the sample buildings were then calculated

by the PF-COMP Program. Interior partition data and the single azimuthal

sector per side used to describe contaminated planes in the NFSS were replaced

by PF-COMP data. This was accomplished by replacing the punch cards containing

interior partition data and contaminated plane data, which were used to calculate

the Engineering Manual-NFSS PF described in paragraph 5 above, with comparable

cards containing PF-COMP data.

7. Engineering Manual-RTI

Sufficient building data were collected in the field survey phase of OCD

Work Unit 1159C to make Engineering Manual type calculations using the PF-COMP

Program. These data we-e submitted on Shielding Analysis Forms, described in

Reference 2, to the National Civil Defense Computer Facility fcr processing by

the PF-COMP Program in effect in February 1967. Due to the lack of urgency and

the availability of more building plans chan were indicated to be available

to NFSS survey personnel (based on review of FOSDIC Item 21, Survey Method Code),

it is assumed that the RTI collected data are more nearly correct and complete

than those collected in the NFSS. Therefore, PF's calculated by the PF-COMP

computer program using these data were used as the base against which the other

PF's were compared in this project.

C. Preparation of Data for Analysis

Data for each story of the Work Unit 1159C buildings determined to be adequate

for this analysis were prepared on punched cards for machine analysis. Listings of

the data for the 901 stories analyzed and a discussion of how these data were obtained

are given by city in Appendix B. Included in the data for each story are the PF's

and reducti.a factors determined by each of the seven methods described in Section II.B.,

Struct'iral Classification (PV Code), Use Class Code, number of shelter spaces determined

in the P2-NFSS and EM-RTI calculations, and the following selected NFSS reported

building characteristics estimated to be of most significance in PF computations:

1) Average aperture sill height.

2) Minimum aperture sill height.

3) Average percent apprtures for the detector story.

4) Maximum percent apertures for the detector story.

5) Height of detector above or below first story floor level.

6) Total overhead weight.

7) Weight of ceiling.

8) Weight of floor.

9) Average exterior wall mass.

F 7



10) Average wall exposure (for basements only).

11) Average interior partition weight.

12) Average percent apertures of story above.

13) Average exterior wall weight of story above.

14) Average percent apertures of story below.

15) Average wall weight of story below.

For several reasons, all of the buildings surveyed under Work Unit 1'759C were not

analyzed in this project and are therefore not listed .n Appendix B. A list of

those buildings not analyzed in this project is given in Appendix C; they were not

included in this analysis for one of the following reasons:

1) Correspondence of NFSS building part numbers and RTI assigned part

numbers could not be determined. Shelter marking sketches, NFSS Phase 1

FOSDIC forms, or Phase 2 DCF's were required to Identify part numbers

assigned to complex buildings in the NFSS and these were not always

available, especially during the field survey phase. Therefore, if such

data were not available, it was impossible to determine which portion of

a complex building should be compared with RTI results. In many cases

the RTI analyst considered it necessary to break a building into multiple

parts, whereas the NFSS submission was done as a single building part.

Conversely, many buildings subdivided into parts in the NFSS were done

as one part by RTI.

2) The number of stories assigned to a building in the NFSS did not match

the number of stories assigned by the RTI field survey teams.

3 The EH-NFSS PF or the EM-RTI PF was not obtained. The EH-NFSS data

extraction program yielded the NFSS biilding characteristics which are

listed in Appendix B and which were used in determining the relationship

of PF to selected building parameters. The EH-RTI PF was the base

against which other PF's and RF's were analyzed.

8



III. STATISTICAL ANALYSIS

A. Objective

The objective of this analysis was to describe the relationships among the

various PF estimates, taking into account various building characteristics. For

example, the model used to describe the relationship betwee2 the NFSS Phase 1

(PI-NFSS) PF and the PF-COMP (D4-RTI) PF -s:

Y KZ + C, (1)

where Y = F1-RTI PF, Z = PI-NFSS PF, C - a bias in the estimated PF's, and K, which

is a ftuction of building characteristics (X1 , X2 , ... , Xk), is determined in the

analysis.

B. Statistical Technique

The principal statistical technique used to analyze data of these types is

called general linear model analysis, or simply "regression" analysis. As stated

in Reference 12, "Regression analysis may be defined as the estimation or prediction

of the value of one variable from the values of other given variables." Using this

procedure in the preceding example, an expression could be determined for K as a

function of the variables X.,X 2, ..., Xk.

An illustration of this technique is given by the following simple example from

pages 146-161 of Reference 13. The first two columns of Table II give ten pairs of

values which are also graphically represented in Figure 1 as a scatter diagram. The

problem is to determine the linear equation that will yield for each X-value a certain

Y-value (Ye) which will be an estimate of the actual Y-value. The linear equation

for the line of best fit can be written in the form:

Ye a + bX. (2)

The method of least squares is the method of fitting a line to a set of n points in

such a way that E(Y-Ye)2 has its smallest value, where the s,_ Ls calcua*e.ted for the

given n pairs of values of X and Y. The problem now has been reduced to finding, for

the given pairs of vzlues of X and Y, the constants a and b of equation (2) in such

a way that Z(Y-Ye) 2 is minimized. By the methods of the differential calculus, values

for a and b are determined by the following two linear equations:

an 4 bEX ZY (3)
2

aZX + bX -EXY. (4)

9



Table II

CALCULATION OF REGRESSION LINE AND RELATED QUANTITIES FOR THE

REGRESSION EXAMPLE DATA?!

x y Kr r - Y. (Y - Y.;12

AS 6.53 293.85 202S 42.6409 7.28 -0.75 0.5!25

42 620 264.60 1764 39.o900 6.75 -0.45 0.2025

56 952 533.12 3136 90.63C04 9.22 0.30 0.)]03

As 7.50 360.00 2304 56.2500 7.81 -0.31 0.0961

42 6.92 293.58 1764 48.M01 6.75 0.24 0.0574

35 5.92 2C6.50 1225 34.80 5.52 0.38 0.14' - -1

53 9.49 550.42 3364 90.0601 0-57 -0.08 0.C064

40 6.20 248.00 1600 35.4400 6.4) -020 0.0403

39 6.S5 255.45 1521 42.9025 6.22 0.33 0.1039

50 872 426.00 2500 76.0384 8.16 0.56 0.3136

455 72.70 3441.52 21203 560.3224 1.6220

! I j ,Standard
-Error of

10 Estimate Region

9
C)

a 8 - Ye - 0.176X-0.64
X/Standard Error of Estimate - 0.40

7 7Correlation Coefficient = 0.952

6

30 40 50 60 70

X Value

Fig. 1. Relation Between Regression Line, Pointo of Scatter Diagram,
and Standard Error of Estimate

3/

3/
Source: Reference 13.
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The quantities required in the solution of these equations are also given in

Table II. The equation of the line of regression of Y and X takes the form:

Ye -0.64 + 0.176X. (5)

The standard e.-ror associated with this equation is called the "standard error

of the estimate" and is given by:

Se = (Y-Ye)2  (6)N

The standard error for this example is 0.40, which indicates that about two-thirds

of the observed values of Y fall within a region bounded by two lines drawn

parallel to the line of regression at a vertical distance of 0.40 from it as shown

on Figure 1. A measure of the correspondence between the X and Y values can be

obtained by the "correlation coefficient" which is given by:

- 2
Ye-Y (7)

z 2 -E (Y-Ye) +Z(Y-Y)2

In this example, the correlation coefficient is 0.952. The larger the correlation

coefficient is in absolute value, the closer the poin:s lie to a straight line and

the stronger is the evidence of a linear relationship.

Because of numerous calculations required in this statistical analysis, a
computer program was used. This program is a part of the "TSAR System" [Ref. 14],

which is a set of programs written by Duke University Computation Center, Durham.

North Carolina. for the IRM 360, Mcdel 75 Computer. The output from this program,
which is discussed in detail in Appendix D, contains estimates of K and C (Equation 1)
and an indication of the most important variables (X) by givzng the correlation

coefficient for each regression. The standard error given in the output is the

root mean square of the deviations of data points from the regression line.
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C. Regression Analyses Considered
As an example of the types of analyses performed, those pertaining to the

relationship of the NFSS Phase 1 (PI-NFSS) computation and the RTI Engineering

Manual (E-RTI) computations are explained in some detail.

I. Protection Factors

rhe first attempt was to find constants K and C such as to allow one to

predict

E-RTI PF = K (PI-NFSS PF) + C. (8)

The regression or least squares estimates for K and C are 0.650 and 94. The

analysis of %ariance associated with this regression analysis is as follows:

Sum of Degrees of Mean
Source Squares Freedom Square

Regression due to C 1.370,123 1

Regression due to
K given C 12,272,790 1 21-272,790

Residual (error) 19,077,371 338 56,442

Total 46,720,284 340

Figure 2 shows a plot of the 340 data points and the fitted function. The

figure also shows parallel lines, 238 units above and below the fitted line.
This value (238 units) is the standard error of the estimate and is computed

as the square root of the average squared deviation of the predicted EM-

RTI values from the observed values. These lines represent approximations

to the 662 confidence limits for predicted individual EH-RTI FF values for

a given PI-NFSS Pi 'alue. In other words, this band should cover the true

E!4-R1! PF value approximately two-thirds of the time.

2. Logarithms of Protection Factois

A second attempt was to fit a function of the type:

In (EM-RTI PF) - Kin (PI-NFSS PF) + C. (9)

The values for K and C which minimize the deviations of the predicted In

(EH-RTI PF) values from the observed are 0.731 and 1.378. The analysisj of variance a.sociated with this equation is as follows:

I12
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Sum of Degrees of MeanSource Squares Freedon Square

Raegression due to C 7,159 72 1

Regression due to
K given C 238.67 1 238.67

Residual (error) 231.43 338 0.685

Total 7,629.82 340

Figure 3 shows the plot of the data, the fitted line and the 66Z confidence
band. Over the whole scale this appears to be a better fit than the PF
4aalysis ShOin in Figure 2. However, if attention is focused on the region
of PF's less than 100, the results lose much of their appeal.
3. _R ,uctiOn Factors

A final analysis was attempted, using the reciprocals of protection
factors, i.e., reduction factors. The values of K and C in the equation

EM-RTI RF = K (PI-NFSS RF) + C (10)

are 0.595 and 0.605. The analysis of variance table appropriate to this
equacion is as follows:

Sum of Degrees of MeanSource Squares Freedom Square

Regression due to C 0.097581 1

Regression due to
K given C 0.025662 1 0.025662

Residual (error) 0.052969 338 0.000157

Total 0.176212 340

14
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A second regression line, forced to go through the origin, was also attempted.

The value of K in the equation

EM-RTI RF - K (Pl-NFSS RF) (1

is 0.773. The analysis of variance table for this regression becomes:

Sum of Degrees of Mean
Source Squares Freedom Square

Regression due to K 0.119654 1 0.119654

Residual (error) 0.O56558 339 0.000167

Total 0.176212 340

Both of these regressicnm lines are Phown in Figure 4. An examination of

these two analyses suggests that there is an improvement in the fit of the

regression line when it is niot .fotced through the origin; i.e., the mean

- square of the residual error is less.

-D. Discussion

- An examination of the data displays and the regression lines shown in Figures 2

through 4 indicates relatively poor fits for all regression lines. Conseq'ently,

it was difficult to determine an "optimum" curve-fitting method for the data.

The above analysis indicates that the use of logarithms gives slightly better results,

followed by reduction factors and protection factors in that order. Nevertheless,

-reduction factors were used due to their immediate availability from NFSS records

-and their ease of interpretation.

- Separate values of K were calculated for each of the five cities to determine

-whether fundamental differences in NFSS survey procedures, differences in building

construction practice, etc., caused significant differences from city to city.

Similarly, when it appeared that the relationship describing a certain PF estimate

was fundamentally different for buildings with :ertain characteristics, separate

* estimates of K were computed.

16
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IV. RESULTS

A. Relationship Between NFSS Phase 1 and PF-COMP Results

1. Total Sample and Individual City Results

A comparison of NFSS Phase 1 (PI-NFSS) results with PF-COMP (E-RTI)

results, which are based on Engineering Manual procedures, indicates the

overall difference in camputer results due to both procedural differences

in the methods and variations in collection and reporting of field data.

a. Linear Regression Using Reduction Factors

The linear regression equations determined by comparing Pl-NFSS

and EH-RTI results (with all building characteristics included) are

shown in Table III for all eligible stories in the sample and for

the eligible stories in each city. To be eligible for inclusion in

this analysis, it was required that each story have Pl-NFSS, Pl-RTI,

and EM-RTI PF's available so that comparisons of these three results

would be based on the same sample size. The relationship of the RF's

obtained using Pl-NFSS and EM-RTI procedures for the 340 total sample

stories is shown in Figure 4 (repeated in Appendix E as Figure E-1)

along with the resultant regression line. 4 /

It is difficult to discern the trends in the mathematical relationship

between the PI-NFSS and E-RTI results, which are based on reduction

factors, by inspection of the multiplicative factor (K) and the constant

(C). Therefore, the equations were solved for Pl-NFSS reduction factors

corresponding to PF's of 20, 40, and 100 and the resultant EM-RTI

PF's are also given in Table III. The results for the total sample

and for each of the cities indicate that NFSS Phase 1 PF's are conservative

(low) for PF values of 20 and 40 when compared to Engineering -Manual

results (PF-COMP), but all sample results are nonconservative (high)

for NFSS Phase I PF's of 100. Solving the equation to determine the

PF 4t which result st bec-e n=consc-ative (high) for Lhe total sample

gives a PF of 74. There are significant differences noted in results

from one city to another, with San Jose NFSS Phase 1 results appearing

to be the most conservative (low). However, the correlation coefficient

for San Jose is the smallest (0.387).

__ Similar illustrations for the remaining 42 regression analyses are shown

in Appendix E.
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A comparison of results for all stories in all of the cities

that have a protection factor less than 100 gave a K of 0.347, with

a C of 0.014, and a correlation coefficient of 0.255. This indicated

that breakdown of the total sample by PF range was not a significant

parameter.

Table III

COMPARISON OF Pl-NFSS RESULTS WITH EM-RTI RESULTS*
(Standard Regression)

Estimated EM-RTI PF
E -RTI RF K fPI-NPSS RFJ + C When PI-NFSS PF Is:

Sample Sample Standard Correlation '
Size K C Error Coefficient 20 40 100

All Cities 340 0.595 0.005 0.013 0.571 29 50 91

Providence 58 0.735 0.005 0.009 0.712 24 43 81

Detroit 47 0.875 0.003 0.014 0.685 21 40 85

New Orleans 117 0.655 0.005 0.013 0.590 26 47 87

Albuquerque 28 0.730 0.004 0.008 0.843 25 45 88

San Jose 90 0.353 0.007 0.013 0.387 41 63 95

*See Figures E-1 through E-6 of Appendix E for displays of the data analyzed in each

sample.
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b. Linear Regression (Through the Origin) Using Reduction Factors

Forcing the regression line through the origin elimates the

constant (C) in the equation, with the relationship between PF methods

then expressed as a function of a single multiplicative factor (K).

However, as discussed in Section III, these results are not as statistically

significant as the results determined when the regression line is not

forced through the origin.

Ther, ie, only the results of comparing Pl-NFSS and EM-RTI data

(Table I' ze discussed in this report although similar regression

equations far all other comparisons are given on the data displays contained

in Appendix L.

Analysis of Table IV indicates that all estimated EM-RTI protection

factors are higher than Pl-NFSS results, i.e., the Pl-NFSS PF's are

indicated always to be conservative. This is in contrast with results

shown in Table III, where Pl-NFSS PFts in all samples become nonconservative

somewhere between 40 and 100.

Table IV

COMPARISON OF Pl-NFSS RESULTS WITH EM-RTI RESULTS*
(Regression Line Forced Through Origin)

Estimated EK-RTI PF

EI-RTI RF = K [P1-NFSS RF] When P1-NFSS PF Is:

Sample Standard

Sample Size K Error 20 40 100

All Cities 340 0.773 0.013 26 52 129

Providence 58 0.943 0.009 21 42 106

Detroit 47 0.962 0.014 21 42 104

New Orleans 117 0.810 0.013 25 49 123

Albuquerque 28 0.861 0.008 23 46 116

San Jose 90 0.571 0.014 35 70 175

*See Figures E-1 through E-6 of Appendix E for displays of the data analyzed in
each sample.
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2. Significance of Building Characteristics

The correlation coefficient is a measure of the importance of each

variable in the regression analysis. A review of the regression analysis

results (the TSAR regression analysis printout for P1-NFSS vs. EM-RTI is

shown in Appendix D) indicated that no single parameter or group of

parameters added significantly to the correlation coefficient. However,

based ,n results of these analyses and engineering judgment, separate

estimates of K were made for basements, upper stories, and each of these

further subdivided into stories with roof contribution of >50 percent or <50

percent of the cotal contribution. These results, shown in Table V, indicate

that no significant increase in the correlation coefficient is obtained

by these subdivisions of the total sample. However, knowledge that the

shelter story is a basement gives an equation with a correlation coefficient

approximately the same as that for the total sample and a smaller standard

error. It is noted that only basements with <50 percent roof contribution

are predicted to have EM-PF's greater than 100 (conservative) when the NFSS

Phase 1 PF is 100.

Also shown in Table V are results obtained by subdividing the total sample

by NFSS Use Class and Structural Classification. Each of these groupings,

other than Government and Public Service Use Class, enables slightly better

estimates of EM-PF's to be made than those made for the total sample or for

the subdivision by basement and above-grade stories. NFSS Phase I PF's for

Educational, Industrial, and Steel-Framed buildings are conservative when

compared to each cf the three estimated EM-RTI results. All three estimates

of EM-RTI PF's for commercial buildings indicate that NFSS Phase 1 PF's are

nonconservative (high) for each estimate; this is based on a relatively larga

sample of 141 stories.
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Table V

COMPARISON OF P1-NFSS RESULTS WITH E24-RTI
RESULTS FOR SPECIFIC BUILDING CHARACTERISTICS*

Estimated E2-RTI PF
EM-RTI RF = K [Pl-NFSS RFI + C When Pl-NFSS PF Is:

Sample Sample Standard Correlation
Size K C Error Coefficient 20 40 100

Total Sample 340 0.595 0.005 0.013 0.571 29 50 9i
Basements 116 0.800 C.003 0.009 0. 573 23 43 91

Roof Contribution

>50% of Total RF 98 0.880 0.003 0.009 0.0503 21 40 85
Roof Contributuion

<c50% of Total RF 18 0.577 0.002 0.007 0.498 32 61 129

Above-Grade Stories 224 0.543 0.007 0.014 0.487 29 49 80

Roof Contribution

>50% of Total RF 25 0.660 0.007 0.oI6 0.539 25 43 74
Roof Contribution

<50% of Total RF 198 0.535 0.007 0.014 0.484 30 49 81

Use Class
Resdential 55 0.744 0.005 0.008 0.609 24 42 80

Educational 43 0.776 0.002 0.008 0.679 25 47 102

Relgious ** o.tri

Gov't & Public
50 iof Tota41 0.520 0.005 0.013 0.459 30 49 8

CoRserical 141 0.931 0.005 0.0C9 0.673 19 35 70

Industrial 14 0.410 0.004 0.007 0.601 41 70 123

Amusement 4 - - - - - - -

Transportation 3

Structural Class-

Wood Frame 8 . . .... .-
Wall-Bearing 82 0.882 0.002 0.010 0.605 22 42 92

Steel-Framed 96 0.614 0.002 0.007 0.602 31 58 123

Reanforced-Concrete

Frened 119 0.628 0.004 0.010 0.554 28 51 97

Cooposite-Framed 2 - -

*See Figure E-1 and E-7 through E-20 of Appendix F for displays of the data analyzed in each

sample.
**Results for sample sizes of 10 or less are not reported.
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3. Analysis of Variation

The preceding Sections IV.A.l. and 2. have described a large variation

in NFSS Phase I (Pl-NFSS) results and PF-COMP (EM-RTI) results. Sources of

variation that are present in PF estimates include simple measurement errors

(such as incorrect estimates of dimensiors or mass thicknesses), and

procedural differences (differences arising from the use of shorter

approximate methods to calculate the PF, instead of more detailed procedures).

PF's for the sample buildings calculated by NFSS Phase I procedures and using

RTI collected input data (PI-RTI) can be used to (atimate these variations.

NFSS Phase 1 results were noted ii Table IV, and repeated in Table VI.

to be conservative for PF values of approximately 74 or less and nonconservative

for larger values when compared to EF--RTI results. An estimate of variation

due to simple measurement errors and other input discrepancies can be obtained

by comparing estimates of Pl-NFSS with estimates of PI-RTI. Solution of the

equations with results shows in Table 1.I indicates that differences in input

data collected by AE's and by RTI analysts cause AE estimates (Pl-NFSS) to be

ncnconservative (high) above a PF of approximately 32 when compared to RTI

estimates (PI-RTI). This indicates that the AE-estimated building charac-
teristics are nonconservative when compared to RTI data; e.g., mass

thicknesses were probably over-estimated as found in Reference 8. It was

also noted in reviewing sample building data that rany buildings contained

partial basements and the AE's almost always chose to break the building into

parts to account for this characteristic. This was done because the NFSS/NBS

Program assumed the basement area to be the same as the first story area.

Division of buildings into parts considerably reduced the amount of roof and

ground contribution.

By comparing Pl-RTI results with E1-RTI results, similar estimates of

variation due to procedural differences in the \FSS/NBS Computer Program and

the PF-COMP Computer Program can be determined. PF values shown in Table VI

for this regression indicate that all three Pl-RTI estimates are conservative

when compared to EM-RTI estimates. The correlation coefficient for this

regression is relatively large.

The above comparisons indicate that Phase I NFSS results are often
noncornservative (high) when compared to EM-RTI results because of input data

differences.
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lable VI

REGRESSION ANALYSIS RESULTS USED IN ESTIMATING VARIATION OF NFSS PHASE 1 RESULTS*

Estimated Dependent PFI Regression Dependent RF = K[Independent PF.+C When Independent PF Is:
(Ind. vs. Dep.) Sample Standard Correlation

Size K C Error Coefficient 20 40 100

PI-NFSS vs. EX-RTI 340 0.595 0.005 0.013 0.571 29 50 91

P1-NFSS vs. Pl-RTI 340 0.679 0.010 0.017 0.507 23 37 60

P1-RTI vs. EH-RTI 340 0.573 0.003 0.010 0.736 32 58 115

*See Figures E-1, E-21, and E-22 of Appendix E for displays of the data analyzed

in each sample.

4. Analysis of Work Unit 1115A Data

NFSS PF results for 32 buildings were analyzed under OCD Work Unit 111SA

[Ref. 8]; however, the statistical technique of regression analysis was not

used to compare these findings. Although the sample size was quite small,

results of regressions for PI-NFSS vs. EM (hand calculations), PI-RTI vs. EM

(hand calculations), and PI-NFSS vs. PI-RTI are shown ii- Table VII.

Both PI-NFSS and Pl-RTI results for the 32 buildings are quite conservative

when compared to Engineering Manual hand calculations. This is the same result

ncted in Table VI for PI-RTI vs. EM-RTI, but the P1-NFSS vs. EM-RTI regression

indicates nonconservative results for PF's above 74.

Compazison of protection factors for PI-NFSS vs. PI-RTI data for the 32

buildings in Table VII with comparable results in Table VI (the current sample)

indicates amazing similarity of results.
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Table VII

REGRESSION ANALYSIS RESULTS FOR WORK UNIT 1115A PHASE 1 DATA* 5

Estimated Dependent PF I
Regression Dependent RF K[Independent RF]+C When Independent PF Is:

(Ind. vs. Dep.) Sample Standard Correlation
Size K C Error Coefficient 20 40 100

PI-NFSS vs. EM 32 0.292 +0.004 0.008 0.194 54 88 145

Pl-NFSS vs. PI-RTI 32 0.561 +0.012 0.012 0.258 25 38 57

Pl-RTI vs. EM 32 0.496 -0.001 0.006 0.714 42 88 253

*See Figures E-23 through E-25 of Appendix E for displays of the data analyzed
in each sample.
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B. Relationship Between NFSS Phase 2 and PF-COMP Results

1. Total Sample and Individual City Results

NFSS Phase 2 results would normally be of most significance in this

analysis, because the results of this phase determined those buildings to

be marked as fallout shelt,rs. However, due to problems discussed in

Section II.B.2., only the protection factor category was knotin for 133

shelter stories. Consequently, analyses based on ?FSS Phase 2 data should

be interpreted accordingly.

Results of the regression analyses of P2-NFSS and EM-RTI results are shown

in Table VIII for all eligible stories in the sample and for the eligible

stories in each city. To be included in this analysis, it was required that

each story have P2-NFSS, P2-RTI, and EM-RTI PF's available so that comparisons

of these three results would be based on the same sample size. Estimated

EM-RTI PF's for P2-NFSS PF's of 20 are not given in Table VIII and later

tables based on NFSS Phase 2 data because only stories with a PF of at

least 40 are included in the NFSS Phase 2.

Phase 1 results served as an initial estimate of PFs which were

adjusted upward in almost all cases in Phase 2. Having previously analyzed

the Phase I results in Section IV.A., the results displayed in Table VIII are as

expected other than the PF 40 estimate in Detroit and for the PF 100 estimate

in Albuquerque. The NFSC Phase 2 (P2-NFSS) estimated PF's for Detroit are

lower than NFSS Phase 1 (PI-NFSS) estimated PF's as indicated by the decreased

K factor and the increased EM-RTI PF estimate for an NFSS PF 40. This result

is very likely dde to the large number of partial bacements in Detroit which

yielded results in Phase 1 that were subsequently lowered in Phase 2. In

Albuquerque, changes in PF Category were made in 30 of the 41 sample shelter

stories. The Phase 2 results are as expected at the PF 40 point (even though

P2-NFSS is nonconservative at that point) but indicate considerable reduction

in PF in higher PF shelter stories. This indicates that the AE recognized

additional sources of contribution in many of the shelter stories; e.g.,

areaways or over-estimated wall weights.

There are very significant increases in the correlation coefficients in

Detroit and San Jose from the NFSS Phase I analysis to the NFSS Phase 2 analysis.

There is a significant decrease noted in the correlation coefficient for

Albuquerque. For the total sample, P2-NFS5 results are equal to EM-RTI

estimates at PF 40 and then become nonconservative.
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Table VIII

COMPARISON OF P2-NFSS RESULTS WITH &M-RTI RESULTS*
I

"Estimated EX-RTI PF
_ E-RTI RF = KP2-NFSS RF]+C When P2-NFSS PF Is:i

Sample Sample Standard Correlation
Size K C Error Coefficient 40 100

All Cities 292 0.890 0.003 0.011 0.657 40 84
t

Providence 45 0.745 6.005 0.008 0.720 42 80

Detroit 52 0.399 0.010 0.014 0.953 50 72

New Orleans 90 1.016 0.002 0.009 0.537 36 82

Albuquerque 41 1.193 -0.002 0.011 0.389 36 112

San Jose 64 0.820 0.003 0.011 0.698 43 88

*See Figures E-26 through E-31 of Appendix E for displays of the data analyzed in
each sample.

Although the PF-COMIP (EM-RTI) determination of shelter spaces was not

verified by return visits to the buildings, Table IX shows an interesting

correlation of these data to those noted in the NFSS Phase 2 (P2-NFSS). Total

sample shelter spaces with a PF of at least 100 identified by PF-CWM-P are

identical to those identified in the NFSS Phase 2, although there is considerable

variation from city to city. PF-COMP indicates that there are approxlsately

50 percent more spaces with a PF cf at least 40 than were identified in the

NFSS Phase 2 for the total sample.

Table IN also shows the results for numbers of stories found to have

shelter space of at least PF 40. Each procedure identified shelter on the

same story for 327 stories; there are 41 stories identified as shelter stories

by the NFSS that were not found to have shelter by PF-C'IP; and PF-COF i&-ntified

133 shelter stories that are not contained in NFSS files. This latter result

is primarily due to the NFSS/NBS Phase 1 Computer Progra being coservarive

for the lower PF values.
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2. Significance of Building CharacterisLics

Table X contains results of regression analyses obtained by subdividing

the total sample by basement and above-grade stories, by Use Class, and by

Structural Classification. For the Use Class and Structural Classification

subdivisions, all stories with P2-NFSS and EM-RTI results are included, whereas

the analysis for the total sample, basement, and above-grade stories also

required that the shelter story have a P2-RT! estimate.

Table X

COMPARISON OF P2-NFSS RESULTS WITH EK-RTI RESULTS FOR
SPECIFIC BUILDING CHARACTERISTICS*

Estimated EM-RTI PF
EI-RTI RF - K[P2-SS RFI+C When P2-NFSS PF Is:

Sample Sample I Standard Correlation
Size K C Error Coefficient 40 100

Total Sample 292 0.890 0.003 0.011 0.657 40 84

Basements 131 0.884 0.003 0.010 0.551 40 84

Above-Gride Stories 161 0.920 0.004 0.012 0.579 37 76

Use Class
Residential 88 0.544 0.009 0.013 0.283 44 69

Educational 47 0.913 0.002 0.010 0.533 40 90

Religious 7 - - - - -

Gov't & Public
Service 68 1.410 -0.002 0.015 0.729 30 83

Commercial 151 1.210 -0.002 0.012 0.647 35 99

Industrial 16 3.397 0.006 0.008 0.558 63 100

Amusement 4 - - - - - -

Transportation 3 - - -....

Structural Class

Wood Frame 8 - - - - - -

Wall-Bearing 98 0.829 0.004 0.011 0.493 40 81

Ste-l-Framed 119 0.958 0.002 0.014 0.1.54 39 86

Reinforced Concrete-
Framed 157 1.233 -0.001 0.013 0.681 34 88

Composite-Framed 2 -. ...

*See Figure E-26 and E-32 through E-41 of Appendix E for displays of the data analyzed

in each sample.
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3. Analysis of Variation

Tie comparison of P2-NFSS results with EM-RTI estimates indicates that

NFSS Phase 2 results are nonconservative. The RTI calculations using NFSS

Phase 2 procedures and RTI input data can be used to estimate the influence of

procedural differences and variations due to differences in RTI and NFSS input

data.

Table XI indicates that the differences in input data noted for NFSS

Phase 1 results are compounded by the application of NFSS Phase 2 adjustments.

P2-NFSS estimates are quite nonconservative when compared to resuits from the

RTI analysis using NFSS Phase 2 methods (P2-RTI).

The analysis of proc.dural differences between NFSS Phase 2 methods and

the PF-COMP Program are shown by the comparison of P2-RTI vs. EM-RTI results.

This indicates that NFSS Phase 2 procedures as applied by RTI give conservative

results when compared to EM-RTI results.

Table IX

REGRESSION ANALYSIS RESULTS USED IN ESTIMATING VARIATION OF NFSS PHASE 2 RESULTS*

Estimated Dependent PF
Regression .Dependent RF K.Independt RF+C When Independent PF Is:

(Ind. vs. Dep.) Sample Standard Correlation
Size K __C Error Coefficient #0 100

P2-NFSS vs. EH-RTI 292 0.890 0.003 0.011 0.657 .0 84

P2-NFSS vs. P2-RTI 292 0.945 0.Cn8 0.016 0.781 32 57

P2-RTI vs. EM-RTI 292 0.528 0.004 0.010 0.507 58 108

*See Figures E-26, E-42, and E-43 of Appendix E for displays of the data analyzed in each
sample.
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C. PF-COMP Calculations Using NFSS Data

NFSS data collected prior to February 1967 are not nearly as extensive as

those normally collected for the PF-COMP Program, but were modified for PF-COMP

processing as described in Section II.B.5. Processing these data by PF-COMP indicates

the PF's rhat could be obtained if the earlier NFSS data were recalculated using a

program oased on the Engineering Manual. The regression equation to compare these

results (E.M-NFSS) with PF-COMP (EM-RTI) results is:

EM-RTI RF = 0.121[EM-NFSS RFJ + 0.013, (12)

with a small correlation coefficient of 0.354 and a very large standard error of

0.016. Results from this equation indicate that the EM-NFSS results are quite

variable when compared to EM-RTI results. For example, when the E-M-NFSS PF's are

40 and 100, the corresponding EM-RTI PF's are 62 and 70. Calculated values of EM-NFSS

PF's would be conservative be!=-- a PF of 69. Because of input differences noted

previously in Sect.ons IV.A. and B., this method of estimating revised values for

NFSS shelter stories is less reliable than using the equations for NFSS Phase 2

The use of RTI collected data for contaminated planes ana interior partitions

to supplement NFSS data is described in Section II.B.6. (EM-NFSS & RTI). The

relationship of these results to EM-RTI data is given by:

E14-RTI RF 0.187[EM-NFSS & RTI RF] + 0.013, (13)

which also has a small correlation coefficient of 0.419 and a large standarl errorIof 0.014. Tnis equation is not significantly different from the equation above for

DI-NFSS data.
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V. CONCLUSIONS

Mathematical relationships for estimating revised Protection Factor values for

NFSS structures using existing NFSS Phase 1 and 2 data were developed. Unfortunately,

none of these relationships proved to be "optimum" due to the poor data fits for all

regression lines developed. As a result of this statistical analysis, several

conclusions regarding the relationship of the seven PF estimates are presented:

1) Revised NFSS PF's for individual buildings should definitely not be

estimated nor is any advantage seen in revised estimates of Phase 2 shelter

PF's available in a geographic area such as a county. This conclusion is

drawn because NFSS Phase 2 (P2-NFSS) PF's are nonconservative (high) when

compared to Engineering Manual-RTI (EM-RTI) results and because of the

difficulty in obtaining Phase 2 PF values other than PF Category (see

Section II.A.2.). The results in Phase 2 are not sufficiently nonconservative

te cause alarm, since the regressicn indicates the estimated EM PF to be 40

when the NFSS PF is 40, i.e.. it doesn't appear that shelters now indicared to

be acceptable would drop below PF 40.

2) PF's calculated using NFSS Phase 1 and 2 procedures and RTI collected

input data (Fl-RTI and P2-RTI) are both conservative (low) when compared to

Engineering Manual-RTI (EM-RTI) results. How.ver, as stated above, original

NFSS results are nonconservative when compared to EM-RTI results. The non-

conservative results determined in the NFSS are therefore attributed to data

collection discrepancies. This, of course, assumes the RTI collected data to

be more nearly correct than NFSS daLa and it is pointed out that this assumption

was not verifiad by replication of a sample of buildings to estimate the RTI

field data variation. One substantiation is that earlier analysis of the

relationship between Pl-NFSS and EM-RTI PF's under OCD Work Unit 1115A gave

results almost identical to those of this study.

3) Many buildings surveyed in the NFSS prior to February 1967 have PF's less

than 40 and are consequently not contained in Phase 2 data files. The regression

equation developed for the total sample to determine the relationship between

Pl-NFSS and EK-RTI could be used to estimate PF's of buildings in this category.

These results would be useful in damage assessment when analysis of areas as

large as a county are made. No advantage is gained by using regression equations

for subdivisions of the total sarple by specific building characteristics.

Obtaining data for this type of analysis would be difficult due to lack of NFSS

Phase 1 output data in NFSS ccmputer files.
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4) Procedures have been established whereby NFSS Phase 1 and 2 input data

collected prior to February 1967 can be processed by the PF-COMP Computer

Program now used in the NFSS. However, because of input discrepancies noted

in NFSS data when compared to RTI collected data, this method of estimating

revised values for shelter stories is not recommended. This procedure would

give PF's for each story of a building, but would not be reliable.

5) A comparison of NFSS Phase 2 data with EI-RTI data indicated that (a) each

procedure identified shelter on the same story for 327 stories; (b) there are 41

stories identified as shelter stories by the NFSS that were not found 'o have

shelter by PF-COMP; and (c) PF-COMP identified 133 shelter stories that are not

contained in NFSS files. The conclusion is that the current use of PF-COMP

will substantially increase the number of shelter stories in the NFSS.
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Appendix A

Contractuai Scope of Work

Subcontract Number: 11213(4949A-72)

The Subcontractor shall furnish all facilities, personnel, and services required to
perform the following Statement of Work:

(1) Make a preliminary examination of data on approximately 309 buildings,

collected under OCD Subtask 1159C "Structural Characteristics of NFSS
Buildings," for adequacy related to the present task.

(2) Make a statistical analysis of the data, providing comparisons of the
following separate estimates of the protection factor (PF) of each
building:

(a) PF reported under NFSS Phase 1;

(b) PF reported under NFSS Phase 2;

(c) PF's calculated by NFSS Phase 1 and 2 procedures, using Subcon-

tractor's building data;

(d) PF calculated by Subcontractor's computer program, (PF-COMP,

CDC-3600) using building data obtained in NFSS Phase I and 2;

(e) PF calculated by Subcontractor's computer program, using building
data obtained in NFSS Phase 1 and 2, supplemented by Subcontractor's
data on inputs not required under NFSS procedures; and,

(f) PF calculated by Subcontractor's computer program, using Subcon-

tractor's building data.

(3) Provide mathematical relationships useful in grossly estimating revised
PF values for NFSS structures, by various building categories.

(4) Provide a final report covering all work, including a tabulation of the
PF values prescribed in paragraph (2), by building, building type, city,
etc.

(5) Develop graphic displays to depict the mathematical relationships provided

under Task (3).

(6) Investigate alternative means of examining NFSS Phase 2 results due to the

availability of only PF Catefries on NFSS computer tapes.

(7) Illustrate the variation in the statistical analysis of reduction factors

instead of protection factors.
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Appendix B

Sample Building Data

I. INTRODUCTION

This appendix contains data for each story of the buildings surveyed under

OCD Work Unit 1l59C that were determined to be adequate for analysis in this project.

Included are the seven estimates of PF, reduction factors, structural classification,

Use Class Code, number of shelter spaces determined in the Phase 2-NFSS and Engineering

Manual-RTI calculations, and selected building characteristics.

The data for each building story were prepared on three punch cards and are

presented herein in a printout format. A description of the column headings is

contained in Section II and data for Providence, Detroit, New Orleans, Albuquerque,

and San Jose are contained in Sections III through VII. When an element of data is

not applicable or not obtainable, the column is left blank. For example, structural

classification and Use Class Codes are given only for stories that were reported in

Phase 2 of the NFSS, i.e., those of at least PF 40.
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II. KEY TO DATA ON CARDS

Card Column
Number Heading Description

1 OBS The "Observation Number" is a number assigned in ascending
NO sequence to identify each individual story analyzed and is

the first column of data on each punch card.

STANDARD The National Location Code (NLC) assigned in the NFSS
LOCATION Phase 1 to define the geographic area in which the building

is located.

FACILITY A five-digit number assigned in the W'FSS Phase 1 to
NUMBER identify each building.

PART Building part number assigned in the NFSS Phase 1.
NO.

STORY Story number of the shelter story for which data are
NO. reported.

PV Structural Classification (PV Code) for the building assigned
CODE in NFSS Phase 1 and reported herein for only those stories

of buildings contained in NFESS Phase 2 files.

USE Use Class Code for the building assigned in the NFSS Phase 1
CODE and reported herein for only those stories of buildings

contained in NFSS Phase 2 files.

RUN I Data from NFSS Phase 1 calculations (PI-NFSS).

ROOF Roof contribution to the detector in the center of the
CONT story analyzed.

TOTAL Total reduction factor (roof and ground contributions)
RF for the detector.

RUN 2 Data from NFSS Phase 2 calculations (P2-NFSS).

TOTAL Total reduction factor (roof and ground contributions)
RF for the detector location. Since only PF categories were

reported in the NFSS Phase 2, the RF's were obtained as
described in Table I.

RUN 3 Data from calculations using NFSS Phase 1 methods and RTI
input data (PI-RTI).

ROOF Roof contribution to the detector in the center of the
CONT story analyzed.

TOTAL Total reduction factor (roof and ground contributions) for
RF the detector.
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Card Column
Number Heading Description

RUN 4 Data from calculations using NFSS Phase 2 methods and
(cont'd.) RTI input data (P2-RTI).

TOTAL Total reduction factor (roof and ground contributions)
RF for the detector location. Calculated RF's are reported.

RUN 5 Data from PF-COMP calkulations using WFSS Phase 1 and
Phase 2 building input data (E-NFSS).

TOTAL Total reduction factor (roof and ground contributions)
RF for the detector.

RUN 6 D:ta from PF-CO calculations using WqSS input data plus
additional building data collected by RTI survey teams
(EM-NFSS & RTI).

TOTAL Total reduction factor (roof and ground contributions)
RF for the detector.

RUN 7 Data from PF-COMP calculations using building input data
collected by RTI survey teams (EM-RTI).

ROOF Roof contribution to the detector in the center of the
CONT story analyzed.

TOTAL Total reduction factor (roof and ground contributions)
RF for the detector.

2 OBS The "Observation Number" is a number assigned in ascending
NO sequence to identify each individual szory anaiyzed and is

the first colucn of data on each punch card

SPACES Shelter spaces determined by Architect-Engineers in the
RUN 2 NFSS Phase 2 (P2-NFSS).

FF-e-O Number of spaces with a PF of at least 40 on the detector
story.

PF-1O0 Number of spaces with a PF of at least 100 on the detector
story.

SPACES Shelter spaces determined by the PF-CM4P CcMuter Prokera=
RUN 7 using RTI input data (E-RTI). It is noted that these are

only machine estimates and were not verified by a return
visit to the building or a review of building plans.

PF-Mo  ,Number of spaces with a PF of at least 40 on the detector
story.

PF-IO0 Number of spaces with a PF of at least 100 on the detector
story.
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Crrd Column

Number Heading Description

2 AVG Average of the aperture sill heights reported in NFSS

(cont'd.) APER Phase 2 for the detector story.
SILL

IT.

MIN Minimum value o' the aperture sill height reported in
APER NFSS Phase 2 for the detector story.
SILL
HT.

AVG Average of the percent apertures reported itt NFSS Phase 2

% for the detector story.
APER

MAX. Maximum percent apertures reported in NFSS Phase 2 for

% detector story.
APER

HT Height of the detector above cr below the first story floor
OF ]e-el as determined from NFSS Phase I data.
DET

TOTAL Total overhead weight in pounds per square foot (psf)
OVER- as determined from NFSS Phase 1 data.
HEAD
WT.

FLOOR Hass thickness (psf) of the detector story floor as
WT. determined from NFSS ehase 1 data.

CEILING Mass thickness (psf) of the floor above the detector as

WT. determined from NFSS Phase 1 data.

AVG Average exterior wall mass thickness (psf) for t - detector
EXT story as determined ':om NESS Phase I data.
WALL
MASS

3 OBS The "Observation Number" is a number assigned in ascending
NO sequence to identify each individual story analyzed and is

the first column of data on each punch card.

AVG % Average percent wall exposure for the detector story (for
BSMT basements only) as determined from NFSS Phase 1 data.
EXPO

AVG INT Average interior partition mass thickness (psf) for the
PARTITION etector story as determined from NFSS Phase 1 data.
WEIGHT

STORY ABOVE

AVG % Average of the percent apertures for the sto-y above the
APER detector story as determined from NFSS Phase 1 data.
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Card Column
Number Heading Description

3 AVG EXT Average exterior wall mass thickness (psf) for the story

(cont'd.) WALL MASS above the detector story 6. determined from NFSS Phase 1
data.

STORY BELOW

AVG % Average of the percent apertures for the story below the
APER detector story as determined from NFSS Phase 1 data.

AVG EXT Average exterior wall mass thickness (psf) for story
WALL MASS below the detector story as determined from NFSS Phase 1

data.

RUN 1 PF reported under NFSS Phase 1 (Pl-NFSS).

RUN 2 PF reported under NFSS Phase 2 (P2-NFSS).
PF

RUN 2 PF by NFSS Phase 1 methods using RTI input data (Pl-RTI).
PF

RUN 4 PF by NFSS Phase 2 methods using RTI input data (P2-RT!.
PF

RUN 5 PF from ?F-COMP ua-ng NFSS building input data (EM-NFSS).
PF

RUN 6 PF from PF-COMP using NFSS input data plus additional
PF building data collected by RTI survey teams (EM-NFSS &

RTI).

RbN 7 PF from PF-COMP using building input data collected by
PF RTI survey teams (EM-RTI).

!/ Reduction factors (RF) for each of the seven PF estimates were reported to three

deciml places; therefore, those RF's reported as 0.000 were arbitrarily assigned a

PF of 1009 (the reciprocal of the RF).
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III. Providence, Rhode Island Data

*UN I RUq Z RUN 3 RN 4 RUN S RUN 6 RUN /
0o5 Sf&NO&k0 FALILII T RT STuR PV USE -uuF IOTAL 
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17240000 404 1 0 £2 61 .004 :004 .004 :012 :U12 :n .03 .003 .01 .01s
11240Cio 464 1 1 5 . .136 14Y

j f 172
4
001o 70o 1 0 36~ 49 .o09 :010 :010 .020 :020 :020 uea'9 .00 9 .010 :011"
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1, 112401010 J5.3 1 1 . . .008 .016 .016 .192 .124 .0115 .tjlu
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1724001n V3i 1 2 .013 .078 .076 .214 .e13 .010 .064
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t' L72

t
i

s
v IOV3 1 1 •. . k1 .15 .1e2 .247

1)240043 Z43 1 2 1 e :009 .069 :069 .244 .171 .00% .034I 17240043 e45, 1 a .040 .093 .093 .eo6 .17d .u37 .080
29 1)2400444 2e439 1 £e .009 .044 .044 .135 .143 .008 .03h
3 17240043 244 I 1 .002 .060 .A60 .495 .165 .001 .0u7
31 11240"143 C444 I £ .009 .044 .044 .el? .08% .006 .024
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3a %7740044 .144 1 1 .002 .061 .061 .A1S .ejO .01 .034
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4
004o .VoV I 1 1079
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4b 11-401
14
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47 1)240J46 vv 1 4 .096 .111 .103 .129
4p 112

4
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" 11240048 £1Z* . . .018 .064 .063 .u65 .060 .01s .o37

56 17240046 SUd 1 1 • * . .93 .082 .Us .07--1 1?240,d 4u35 I V sh 51 .ues .02> .02t) :026 :2 :026 :ub u,, .01D .Vn9 .o26
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M1 0.04 s..0 120 50.00 1e0 07 ill 200 Son0e .03 N..v 120 50.00 110 225 125 200 50oJu 3 j. '%..0 120 150.00 110 187 187 250Sa

140.10) 50.00 120 50.00 110 167 167 250 S0o-3 .. ) '..0 120 50.00 10 le 00 250 San140 U ,;I S'.. 120 50.00 110 200 5C, 250 500J./ 0...; -;0.00 120 50.o 110 P00 CS 250 21.)'.5 U.0 I ,0.00 110 50.00 1e0 CS 250 20f)j4 O.114J -.0.00 113 50.00 110 45 93 200 14300 U.U3 50.00 1e0 11 42 3091 Qo U.;.u 22.15S 1S0 125 1r15 83 83 167 143 Illgev.ou 0.00 15,5 5 4 593 q.oS ,u.uo 110 '1 Ill 24 30 5094.1> 17.a 110 Ito 7 43 1s 1995 adl 1.03l 29.75 tic 71 50 43 43 71 CS 7790 2,e.s5 297 d0 1.50 400 5 5 AQ/lUuj 19.75 00 3 4 'Q' 0a 0.0 I."0 .J0 71 71 22 2z 77 77 4S33*3sU. 7.150 30) 5.00 150 2 2 'IOU G. u.j 7.50 30 2 1 3101 7V J. .o. 7.-,O 30 50 50 1009 1004 50 63 30Ice O.U. 7."0 3 s ,. u 1 -j0 1 3 310.% WU0' 7.50 30 2 4144 90 U.Uj 7.50 30 83 83 28 28 77 7 38a10 u.Uo I."0 30 t..00 1 -> 2 3 3jg0 U~' 7.50 40 2 4 3lot Co U . PU 7.50 110 1000 D00 500 500 1009 1009 1000Inn .. t.J 7.50 110 5.00 1'>0 3 310 0.334 7.*.0 110 7.50 110 29 e3 42 5 8 3'11la u.oU 7.too 110 7.50 110 29 .C 15 7 1 0 2?Ill U. t.2 7.50 110 13 13 7 10 1Ile 75 0.6 5.00 110 333 333 1000 1000 1000 10 100113 C~u 5.00 u10 5.00 1-.0 12 11e 2 8 11114 0. UJ 5.00 110 5>.0a0 110 23 34 67 4 12 431153 0. U 5.00 110 5.0 110i 26 29 29 8 14 21116 .O 5.00 110 8 0 13i1/ 
7
'r a..- 10CI. 4,0 35 77 77 11 it 7! 72 2'.IT-.'J. U 10.00O 35 5.00 1S 3, 3 3liv J .U J 10.00 is25

a1?3. 57 j.Uj 10.00 3S 71 SO 18 1t 59 5 9 IN9123 . L") 10.00 35 5 .00a 1,0a2
1 pe o. L. 10.00 35 2 3 3123 e 3o u.16 10.00 35 91 92 18 26 77 77 33124 0.04 10.00C 35 5'.00a 150, 4 2 3125 U.va 10.00 45 2 3 3128 80 W.vj -10.03 35 83 53 21 21 91 100 so,1 0.00 10.00 3s 2.50 150~ 3 2 312 L 0.01 10.00 35 3 2 212V C? U.Coo 22.50 120 ill lit 53 53 125 125 83130 0.00 25.00 120 0.00 ce 2 3 '131 0. Ua 22.50 l1103 j jx3,e 87 15>.00a 20.00 120 1'3 143 31 31 42 43 143133 U.&3 20.00 120 1%.00 160 10 10 3 3 14s3' 0.00) 20.oOc 110 3 3 it13,> 7* 0.02 201.00 120 IC? 187 28 28 111 100 9113r v.00d 20.0 120 ^.rC 160O 4 4 13137 0.00 23.00 110 3 j I
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CM 3 PR7MEE% (MM1IIEJ)

*..T~uk 2u:--£V VrO V .I ,! OIS 3 11 3 111- 4 RU' 5 oAUN e, Ruh 7p1.. -A ~AL "
4
A

5 5  
AOF' -LL '40b PIC PC Pr PV P5 pr Pr5, ' 1s. t, I 2U.O 1211 56 56 11 111 14.3 1000,A .s ISu V>s 1. 00 eJ0 22 .30 7 8314, 1501 140e 14 17 4 4A141 NO ''o 1. 11109 1000 100 331 167 11itIl It :c.' ijD 1450 5 1009 1000 250 S00 S00 167I~- e"I i.50 21., 1le. 5c ;() 110o 503 45 100 143 1432- l .1.0 1/0 36 26 24 31 03

I 4'IJ 15.10 iJo 10 10 4 5 9
.4 7,1, 1*,0 167 167 77 77 200 161 125

v , ,.O 0. 1311, 3 3 57e' " .t :5.LO 2 3 167 167 24 24 200 77 17.'.1 2.t' vo 1 ;'.00 I"0 10 10 4 b 1o115:,.00 111f, 3 6 'o7 Ul L s.0 13,; 1'' 143 67 57 143 167 211j. v 1.0 10 U.00 11'0 3 .3 7I 15. "0 1.10 .0 3e, 2 ..., ? o 1 52 59 5' 167 167 101)1 -,o 27.50 151, 29 42 31 28 3441. t,~c 1Iso 
13 11 43 45 12 ? 5

XI) 1 j 1 3u 5.1,0 1301 0 i
1 DO 105 6 720.L,0 i

1
0 .3 4 4;) 1.. c25 120 200 200 250 250 250 250 333. 1 5.1,0 1.70 le.50 1,0) 12 21l 10 1 11L 15.0 120 2,?. 25 leo 19 14 1) 6 1 s 2112 L A I 1 12-n 1-,.D0 1,?0 1 2 1 13 1 ' 14

15.,0 : o 6 10 -X- 37 if) e9.,j /0 77 77 143 143 83 -e00 100111' ;1") ea. 0.10 .10 30 30 15 a IA
*~ 10~~£.O I 8 3 -1 9 12 63VJ L 4, 160 167 167 100 1100 167 10092.1' i 'sao 260 .0.00 - - 47 25 2.1 75 407. e*>.,., 3u.Lo ic 

11t-e l., tj to 10 25* 101,0n 167 200 200 333 67 25 0L7 G.. 75 10a. , ., e' 5 ;!, 20 Is 11 314cL G5~ 151, t 'P J~ 36 23 23 31 26 z02,. .t;0 15 I;e 12 16 16 117- ' ' ;. 15 20 20 167 so 100u*5 ~ .00 5 s.Lo. e 0 .53 17 20 16 5 32J .!' 1, q,.o A J ..1,0 1'>0 43 43 25 25 63 19 405.- 30.C0 isO 10 1~ it 14 18
S 7~ Z., j ,.,o 163 91 500 500 143 1009J.1. L, :-7.'>0 16U 5. 00 too III 111 9 2501 7.50 160 17.50 16-0 34 34 15 iU.1,3 11.50 161, 7 12

u.' '..f eo 1.50 330 43 23 e33 I' 6 33.00 1 OD 22 52 4610,. .b3 30.00 1611) 
23 63

3, 7

1'' *.1, J t'0.1. 120 77 522043

96..130.00 2110 13 311 90 V.U3 ;,~i 170 so 53 59 59 5010 .00 0 
2 210. .. 21 23 23 4 Z4I~1. 7J 0 1., :32 111 111 .59 so 53p, 17to. 4-.,J 125. c1, 70 5.00 eJO 46 46 45 56 2!; 43e 0U 15.00 70 12.50 eac 13 14 14 21Z315.50 'o l IS I*1,e0' ?4., jc 7.!Po 100 500 Il Sat; I'1 50105 2f.,> 201 2 75 1215 125 Z2 30 14 03101, v5. 7.50 .90 28 -.4 17 14 401
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IV. Detroit, Michigan Data

CW 1 OMTIT

NUN 1 RUN 2 4N i3 RUN 4 UN 5 ROdN 6 RUN y
04S 1Ah0DAwU FA:ILIIT PART SToI PV UbE -OUF TOTAL TOTAL qRor TO

T
AL To1.t TOTAL TOTAL ROOF TUJTL

NJ LICA1IU4h UP.l4 V3. N.O. CODE COvE r0o4 .r r ' Mr mV mI -0 CUNT F

-I piS18J01 1)1 1 1) 32 31 .003 .019 .O09 .003 .010 .010 .u12 .007 .0(12 .005
0, k 41j100010 151 1 1 . . . .040 .054 .04V .150 .121 .031 .us:
p'--. 4sse0u10 le1 1 0 .15 71 .019 .009 .009 .001 .001 .001 .008 .Ono .000

elo 43j3001u 1,1. 1 1 .003 .050 .015 .123 A.u2 .074
e11 453e0UIO Leif, 1 1 • . .012 .023 .018 .002. .011 .01V
e11 433e£OUd 7y- 1 b 36 47 .obA .007 .006 .010 .011 .011 .005 .005 .0O6 .nO$

?13 413&0028 /Vt I 1 .43 .300 .040 .11;

e14 
4
13e00O0 lyb I e .169 e199 *245 .Z96

Z1, 453900.)o /,O 2 0 36 47 .0o5 :006 :006 :012 .013 :013 .06 .U07 .u07 .u09
jib 433o0010 /9. 2 . . .314 .153 .039 .095

.27 4)3dU42f% . 2 . ... d4 .Z5
4  

.236 .210

.116 43.eOu30 1oev 1 U b' 51 .0U1 .001 :001 .002 .005 .00) ,00 .000 .000 .Do

e1 443dU3) l62 1 1 .000 .044 .001 .029 .016 .134 .145 .000 .b3n

elt) 433e £0S I62l 1 .U01 .027 .004 .045 .030 .023 .021 .001 .015

get 433Otl3 16£e 1 4 . . 006 .091 .057 .052 .099 .03 .037
e'u 4 3003, ittev 1 4 .008 .045 9020 .080 .06, .047 .051 .010 .044

C,44 
4

03
0 1

) i.' 1 e 1, 1 ."51 .099 .087 .u53 .045 .11241 . 11j4
ee4 433£0u3, ib 1 e. . .122 .092 .075 .101
?Z> 4i300e3 1oe 2 01 57 51 .022 .022 .02? .018 .018 .056 .057

,f 43033)J t l0v 2 1 .300 .274 .101 .190

'e? 7 'o3e003') 162e 2 2 24 .2 .94.10
41c) 43c3039 1e

4
, 1 u 32 52 .Ut .07 .02l .03 .03a .03a .l9 019 .u28 .02Y

i~eq 43340us3) 2~~ 1 4 t' I 1 .1~6? .387 .1S9 .!24
e30 433t0U57 46G 1 It 5 1 .001 .00, .006 o.0 .Ot3 .004

231 41SdOJ57 146V 1 1 .007 .026 .076 .024 .061
3t 433,cu57 .469 1 e 99 I in?

£f33 453egit9 151.- 1 U i5 49 .007 .007 .007 .002 .00? :00, .008D .009 .001 .D0,
234 40300054 iL)j 1 1 .155 .161 .06 .145

icjj 433&00'), 1t. 1 i . . z3.9 ;1 75 .246 .Th85
jf36 4i~g3V004 cat. 0 0 32 43 .009 .011 .00;; 010 .011 .011 .0' . .007 .o00
217 413t0094 edb 0 1 71 .9 .00 .12,
e3f 43.30o2o ouve 1 0 36 61 .000 .000 .001 .00 .0 .000 .000
e.J 43O300b 60V 1 1 36 61 .UUO .019 0 43 .49 .041 .00 .0o
e4fl 

4
$340020 9uv 1 2 .0uU .039 .34 .03a .013 .UsP

r4| 4)33002b "Iy 1 3 :1 : : : : . .83 U47 :214 .247

k4,1 
4
.s33*Ujb oe2v 1 0 36 62 .01 .0 01 .0 00 .0 .0 .004 .000 .qou

e43 4333003b b22 1 1 36 62 .007 .020 .038 .000 .022 .021 .111 .230 .One .o20
44 41330036 i 1 £ I e .011 .043 .02Y .150 .197 .023 .u3o

"4) 41330036 e2 1 3 • * .20 .194 .033 .071
e4ch 41330040 344) 1 ( 36 11 .uO6 :006 :006 :32b .028 :02a .006 . .014 .01

k47 4$330040 1447 1 1 t .18 . 021 .04V
.4% 43340'40 1.41 2 d .u19 :03. .070 . .034 .U61
'4V 43330U4U 3447 3 . uR3 .064 .099

.o 43330040 344) 1 4 183.156 .14
,1 4330040 3.4 1 Q 43 51 :001 :001 :001 :502 :002 :0o 00 0 00 0 .01

? 413)U04 u  3454 1 1 .u00 .043 .002 .070 .070 .oQ2 .098 .U01 .0 "
e3j 43330040 3454 1 I .002 .04 . .007 .041 .041 .036 .624 .005 .C21
k74 43330040 3454 1 3 .007 .039 0S .053 .053 .u33 .044 .021 .03*

133004w 3414 1 4 • * * .w51 .045 .091 .103

etp 43330051 an 1 0 43 53 .jac -000 .039 .000 .000 .000 .vO0 .000 .000 .000
2)7 43330u1 a. 1 1 .00 .031 . .000 .037 .03; .034 .055 .000 .oS.
,,., 43330051 an I e 43 53 .400 .016 .009 .000 .009 .00b .03 .008 .000 .o00

e, 43330051 a0 1 3 43 53 .000 -009 .006 .300 .06 .003 .903 .6 .000 .Om

£6O 4133001 On 1 4 43 53 .000 .007 .006 .300 .007 .005 .U02 .006 .00 .004
,e62 43330 N1 a" 1 5 43 53 .U00 .006 .006 .300 .006 .034 .0n2 .005 .000 .007
;-be 43330051 a.. 1 43 53 .uV1 -009 .009 .000 .004 .002 .U04 .00) .0t .nee.

Wei 43330051 65 1 7 43 53 .006 .010 .010 .003 .005 .00 .008 .009 .007 .On
£64 433301 be 1 . . .027 .033 .033 .080 .082 .024 .U35
ea) 4333006£ 6e43 2 u 36 61 .003 .011 .006 .011 .005 .011
ebb 433900be beV z 1 .005 .040 .071 008 .04m

;7 4330062 6239 2 e .111 .014 .063
gn 4131006k agi 2 3 .:as .027 .070

ilev 4s33006d bdv 2 4 .144 .060 .106

t72 43330100 460. 1 a . .01 7 .017 .014.40 .11 .06 .016
27e 43330100 469" 2 1 .494 .336 .004 .140

473 41330200 Abe I z 00i". 25 -as5 .2s
?14 4330112 1136 1 o 32 55 .00 06 :a** :31 .021 :07'. .oas .C: a~ .oa 0

k75 4334014e. .803 .I3.0 3 10

6 4$340147 1 0 36 53 4 4 4 20 97 .B024
Z77 43330147 %,ve I 1 .077 .091 .091 _1113 .184 .03,e .s*

27c 43330147 09b I ? .677 .076 .922 .034

4S311•'q .242 .172 . 00 .c0i
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M~ 1 TEITIT (WfM ED)

4N. A.L' FAL3LIT 1,0 !a -V Ube -of"~ 10T44  Total. 4 Ov 
T

OTAL TO TAL 
T 
;),,L 7 O1AL ROOF 4~

1 
AL

k) L All f IL'I l.IP 1 ' '.. NO. coat cosSE LUI bIT for :311T 540 A5 mr Air COvT %IF
,'i 4'1'. ~ ' I N. .uc .1 k .058 .655 .18? .Vao .&to .'z

to" A'358 e&,,e 0 le :.0 .035 * .804 .042 .842 .GS4 .V41 .101 .&.3?
161 '1330151 iet, 0 .0411 .026 . 3.05 .047 .64d .c52 -037 .003 .63,e
1~4 4 133015 to, u1'- 0 A .215 .057 .857 .132 .057 .085 .042
, 

4
333IJ1~.s . o' 0 Is lie . - .58 .1 .015 .06P

,'. % Sao It5 e,./- 0 t . . .13e .103 .035 .*76

,-. 4~ 0 ~ '. .s u 51 29 .6 : U06 .:00 :910 :010 :010 .e?2 .206 . 0850
4,33.; -I .v3. I 1 . . .235 .05S .040 .1-5 .09:1.0*34 .043

4f)~ 4,33810 -3. 2 1 51 2 .00 .209 .862 .040 .157 .05 .033 .62a

"l 4!330162 61 15~e I it 1 1 :026 .0a03.5 .1029 .20 :Cos .u1C
ecv3 413.3015, 88., 12 . . .5 .070 .81 .3e
cv. '43.,Uebo 5111 1 b 32 51.5 .409 .009 .009 :;a, .006 .005 .009 . .85 003

S45330eft '131 I 1 . . .22 -037 -03,e .132 .020 .02t
,- 

4
,33'4/6o 8,Uet 1 9 36 61 tovc' .008 .001 .200 .000 .000 .00 .^ -8002 .500

( 7 4 iAs0de, 1L" I 1U100 .040 .302 .e33 .023 is1 -009 .000 -034
is. 330, 80 . . . .20V .630 .011 .105 .061 -02t .024

4" '7346au. .201 Z036 .024 .09 .049 .001) .024
4~, ' 3ao0bbo qO 4 . . 11 .&34 V024 .2119 .121 .809 .129

3 'l 4340"1J 3.0, 2 ., 7 7,2 .,0 :020 DOI .203 80 .00 cob 05 .C1S .001 go~l
4 430. )104, 2 VatuJ .02E . .2e3 -066 .06:1 .245 .10 l .00-F. .044
4 '. 1Sa384-i %11, 2 .4 J .04,e ICYl .049 -C49 .1%7 .044 .010 .C24

a. 4 'ssauf'. ie.c, 2 U -0 .1 .062 .07 -20? .C63 .915 .03!p
3 44i1ce61 bo60, 4 e8 . .2 07 .006 .113

al-, 43l321'.3 1t0.. 1 J 6 11 owle .021 .009 DI _V .10 .09 .600 .g0),
4 1_30eY. 108 1 . . . .14 .0'.06 .

38- 4CI :to,0" :oos : . -C. .2-21 .12 :4!9 .836-

f. 43043 'c . . D.- .031 .031 .194 -t55 .001 .355

4 3a.029j 5,0! 2 !,. . . .41 .855 .57 i . &170? :.3* .4
.344 13300'. sev- 3 U 36 11 :002 .021 .009 .102 .V414 .0"4 .104 .e11 N0 .1?2

4I 1330,e-3 3,fb 3 Zo . . . e -195 .001 .093l
*.43138.'.3 53d6- .5 v 79 .138 .90, .abo

al~ 4 5 1 . 3"6. 3 . . . .18 16 .05 .7
4 5a,3303: 1fr'4% 1 a 62. 32 .06 .007 .025 :222 .21 .021 .!06 :16 .015 .a1j : '.031, 3t,4, 1 1 364 06 .76 .076 -1 4 . 09 .0"* 41.14'330334 8''f 1 3 4Y .o20 .020 :Do$. . .8213 .3 02 .

e.1 436 . ~ 4 1 185 .44j! .070 .1.62
3i 4'30334 '..4 - . . .33 .264 .212 .1e4l

aej 430~ 1~ 1t,33 4f 57 53 .086 -Doc, .000 We . .96 Coo ZC0' .00
j24 ~.~33030o £ 1 . . . .. 73 -132 .005 -05>

e.18 '3.30 3f 'e, 1- . . . . .999 .2'& .030 -2t,4
'2- 4 s5303ke e- 1lots. . .8 .176b .5 -23t-

' 3.0,6 13 . 36 51 .001 90?e :C25, :303 :007 :007 :b 04 . 0§2 .006~-'33^.:5 '83j -. 1 .o;P . .397 .45 .*?b .549 . .13 .02r
31 4,3.30 ou 5>33 e 1 U12 .02t .22, .. ;44 .043 .515 . 078 .691

41i.'34,046o 3833. 2 3 . . .0 .096 .1
1;4)33286 34 3S 53 .612 .012 .021 .2, .CZS .0t .w11 .el1 .014 .015

* 3~ ~33~d 334 1. . . . .56 .194 .. #SZ .17Y
4 3a.3I6 ~ . -144 .244 .275 re8,

354 4"15 0,2 4 3a354 1 11 3i 53 vev0 .93a .oe, .132 .033 C833 .*07 -v8C' .61S _tie.
J3 - S'3338,) 33)54 1 1 . 133 - I f7 .962 .

42- 4,3308 4e lcl- 1 2 57 44 .619v :031 .2 Iv1 :019 .019 :035 ..20 -016 .*.1-
37l 433.3"4'. set- I 1 . . .19 CI1O "a1 .321 48 .245 aSS9

3. A 330'.5t, 48 1 a 35 zv .4.84 .0,25 .02-5 .c DI c .83 .. 5 - 451
J3. 413'5 " 1 ... I - z V, .e3 .7 .4-j -260
'4. j 3z:3 5'n '>3 1 9 32 *6 U02 .022 :022 .0Z333 0 33 tl .37 .1 021 -02?
341 338", %8. % 1 . . .427 ..3j -109 .3-1

.3'? '33 .1 34 0 61 52 .668 :Ott .01a -was.88 .6"5 .0"8
J4 3 4533057 3,3 1 1 . . . .305 S .77 .%13
3144 4IS30251 5s. 4 0 43 12 .001 .201 .801 .001 .4103 . e -fee 90

,$- '3325 4f 4 3 Iz .$6 -.02' -05' e85' .132 . .05 .077
34N4. '13309,1 a 4 43 11 . .902 .233 _o15 .015 .858 -as t0.2i
a41 4 S3t61,)1 R 4 3 43 1! . . .0 .$as Z01G .1.18 ct7 r!04 .83
)4 45330.j"> a. a 4 43 11 COS.28 .2c; t&46 .846 az*5 et . tZ*6
34. '13366V,1 l 4 j 43 11 Z2..03 .$00 .024 .o2' vcv, .&to .01
Is= 4 33Z,41 0 4 * 43 11 . .03 ..as .020 .023 88 .a .2814 10 4
.3*1 43336351 4 7 43 11 2 .009 M,8 .81.6 .018 5 8 cz . C 8f 01'I
3,5e '33362571 68 4 j 43 11 Zo . .1 . 11 .I -011 . "- . cot8 .et
.383 4sI 30451 at 4 10 '3 12 ..̂ a* M9 .20 a.01 .888 . .0e .815
Z'54 '333Pv52 l'. 4 1 r 43 11 . . .2009 SeO8 .1 .01; .5 Ci.t .022
a,)$ '331851 a - 4 1. 43 11 . .095 .;D .00 .099 .09 -its Vs01 .821
356 43330:512 a!. 4 12 43 11 . . .005 .31Z6 .8z9 cc;, .88 .3s .oi1
.537 '3332951 be, 6 23 43 11 -at Zoo8 .0 .839 .809 .010 _t:18 .^
3,25 '33300!52 o 4 24 -3 11 -0:5 .:a1 Ci7~ .12 C812 air6 Ol
38 .'333821 5. 4 18 '* 3 11 O . 2 Z.13 V04 ..11' .8:2, CG.2 viz2
368c '3332051 5. 6 it 43 11 ZOS.80 .214 32s .O2s .521 . ..,Is .!!z
361 4 13 3 151 Z , 4 2 43 21 C .23 .294 .*94 .89' .2$6 CS.3 .*
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2W ITC 2 IE 1T

AVG MIN. T2TAL AVu
S P A C k S APkk APER V'. MAX. h/ OVFR* x IU0 RUh d 'Uk I SILL SILL X x nF .CA VLO0. CplLIG MALL

NJ Jr-.g luJ 1 r-4U PF-10O 04T. RT API-H APE nFT 1* . -I. WgIGHT NAtS
e07 V9V 91V 2.31 ps1 1.50 0 15."0 20 -9 11o 0 110 81

241 0 0 0.00 0 30.OU 40 3 60 110 0 60
24 g so so 0 O..'d 0 -7 90 0 60 177lb 0 0 0.00 0 14.15 59 3 20 60 10 11

.11 198 0 0.00 0 5.0:0 do 15 10 10 10 111
e11 26 it 177 277 0 O.11U 0 -9 10 0 70 150d13 0 0 0.00 a a5.,'O 30 3 50 70 70 1OU
e14 0 0 O.uO 0 25.1,0 .0 18 10 70 70 10u
£15 12. 12. 1.31 1 0 O.'u 0 -9 150 0 70 15ulb 0 0 0.00 0 10.,0 20 3 90 70 70 140
417 0 0 0.00 0 10.1:0 ko 18 10 70 70 10
d16 86 8.3 116 116 0.LO 0 2.-0 10 -V 340 0 50 Js--1v 77 0 0.00 0 32.-u 69 3 290 so 50 150e1u 3%3 3 0.00 0 O."U 40 23 240 50 so 110
11i 0 0 0.00 0 40.,-b 40 36 100 50 so Ili

0 0 0 0.00 0 40..-U 40 49 140 50 50 11U£ 0 0 0.00 0 40.1u 40 62 90 50 30 11uZ4 U 0 O.UO 0 is.,1U 4u 75 40 50 50 11u
Ps 41 0 U 0 0 0.,U 0 -10 70 0 30 173z16 0 0 0.00 0 27.e b5 3 20 50 10 120

£11 0 0 0.00 0 15..fu O 16 10 10 10 1Wn
V6 U -45 0 0 O.,u 0 -7 90 0 80 6Ueey 0 0 O.UO 0 32.-.U 69 3 10 60 a no

13U 6b 6s 97 97 1.50 0 10.10 10 -7 2z0 0 80 17U
0e1 a 0 0.00 0 ?2.,U 4U 3 140 0 80 9,

'e0 0 0.00 0 17.'u 40 1b 60 so So 93£33 10 l 44 44 0 0.-0 0 -6 140 0 60 4DZ44 0 0 O.uO 0 10."0 40 5 60 60 60 6U'35 0 0 0.00 0 7.,U 30 lb 20 60 60 43
e36 11 11 14 14 0 0.-10 0 -t0 110 0 60 15u£47 0 0 O.Uo 0 47.e5 59 3 50 60 0 10U
£3b 21 ;1 79 z9 0 0.40 0 -7 490 0 120 99u
'3'v 162 0 493 3U9 0.00 0 5.,'0 20 Z 370 120 120 tud4v 0 0 0.00 0 20.1,0 20 17 250 120 120 llu

041 0 0 0.00 0 20.11U ?U 29 130 120 12n 110£4d 72 7U SS S 0 O.*O 0 -7 290 0 100 110z4a 0 94 0 O.uO 0 27.'0 50 3 190 1'I0 70 l1u&44 0 0 0.00 0 27.'u 40 16 120 70 70 110
d4! 0 0 0.00 0 27.,u 40 29 50 70 70 11ue4t is 13 ?b 0 0 0.,0 0 -6 60 0 10 14ud41 0 0 0.00 0 7.'O 20 3 50 10 10 140
£4 0 0 0.00 0 7.'u 20 15 40 10 10 1O
e4v 0 0 0.00 0 7.i0 20 26 30 10 10 13p£51 0 0 0.00 0 7.1u ;o 37 20 10 10 13"£51 101 1"1 64 64 0 O.,l0 0 -6 300 0 60 1Su
4r 0 11 0.00 0 17.'0 :j 3 240 60 50 11u£03 321 0 0.0 0 22.1u 30 16 190 50 50 8u154 0 0 0.00 0 22.0 30 26 140 50 50 60
t55 0 0 0.0o 0 Z2.'0 30 36 90 s0 50 add5t. 0 n 1;8 1T6 .75 0 2.'0 10 -13 ego 0 100 79u

0 1 000 0 4.15 69 3 75C 10 100 113
es5 360 3oi 6110 14 o.00 0 24.15 69 13 6i0 1o 10C I 0f5'V 432 4.32 00 o 70 a'00T d4.it 69 26 55C 10 *.be 1!:d63 432 4*2 600 19e 0.00 0 24.15 69 !9 450 100 100 10.£61 432 43£ Ono 315 O.oo c 14.15 69 S2 350 S00 100 107162 408 408 60 35O 0.00 0 24.15 69 65 250 100 100 105

z63 378 3/1 Ono 277 0.00 0 24./5 69 78 150 10 100 105264 0 0 0.00 0 24.15 69 91 50 1L 100 10t
£65 4d 41 35 12 2.25 0 1S.O -0 -11 &0 0 10 30n
460 0 0 0.00 0 20.00 40 3 50 10 10 235467 0 0 0.00 0 25.40 40 19 40 10 10 150£69 0 0 0.00 0 5.JO 40 33 30 10 10 140
£69 0 0 0.00 0 25.10 40 47 20 10 10 146
(7b 0 0 0.00 0 25.00 40 *; If 10 10 146£71 32 0 0 0.f0 0 -5 120 0 100 990
£7e 0 0 0.00 0 20.00 30 3 20 100 10 70£71 0 0 0.00 0 10.1O 30 23 10 10 10 70e74 91 91 66 0 0 0.0 0 -7 120 0 100 200'75 0 0 0.00 0 17.5U 40 3 20 103 0 15o
d7o 47 0 28 0 0 0.00 0 -5 80 0 20 140d77 0 0 0.00 0 37.2t 89 3 60 20 20 110
276 0 0 0.00 0 30.30 40 15 40 20 20 11ud79 0 0 0.00 0 36-.0 30 25 20 20 20 110£10 24 24 0 9.00 0 -7 360 0 50 798i61 0 0 0.00 0 45.U0 50 3 330 50 50 110£62 0 0 0.00 0 45.00 50 13 2680 50 50 110183 0 0 0.00 0 45.u0 50 23 238 50 50 11o204 0 0 0.00 0 45.00 50 33 160 so 50 110245 0 0 0.00 0 45.ug 50 43 130 So 50 1101a6 0 0 0.00 0 45.00 50 53 s0 50 50 110
z87 0 0 0.00 0 45.10 50 63 30 so 50 110
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i

CAF 2 IETTIT UfIM.E)

AVG " Nl1. TOTAL V;
APkR APER AVE. FfAx. wT 0v~z- kxTU1j "UP, e (UN I SILL SILL 1 z or H"CU FL00 CEILINGWALLNJ -4U F I.-I 4C lO0 ". # AP. "1H AFM f NET Mi. AT. WrIgHT "AbS

e35 1s Is 6 6 0 0.-0 0 -4 150 0 70 15u
0 0 0.D0 0 2e.' 15 by 3 s0 to 0 70e' Is 1o 10 30 16 0 0. 'Ii 0 -4 150 0 0 150

191 0 0 9.O 0 34.10 oV 3 so 70 0 7ue Ye' 75 7> 121 121 1.50 0 10.'u ;eO -6 so 0 60 19.5Q 16 0 0.00 C 15. 0 30 3 20 60 0 238e9 24 d4 17 17 0 0. .0 0 -7 130 0 70 990e9t U 0 0.00 0 22.,5 V 60 70 0 145
.9h el 21.1 341 347 0 0.'0 0 -7 850 0 00 99d97 0 .1 11.00 0 32.eb tV .5 650 200 400 113

In! 0 0.00 0 % 59 16 450 200 d0o 11Ue99 56 0 0.00 0 i4.-u !9 29 250 200 e00 11)40t 0 0 0.60 0 54.iU t9 40 50 200 400 11u
.51 65 6. 96 96 .75 0 10.' I0 -6 390 0 70 22a
a 3Ii0 0 0 0.00 0 17. 1u 4u . 320 70 so 9.
. 114 0 0.0 0 17.,U 40 15 240 60 s0 9a.504 0 0 0.00 0 lb.,u .0 24 160 60 s0 90305 0 0 0.00 0 15.,U 30 34 s0 s0 s0 9u
3 -0 54 4 60 06 1.0 0 d0. U 2U -6 220 0 60 14u30/ U 0 0.C0 0 30. 0 30 Z' 160 60 60 61301, 0 0 0.00 0 30."0 30 12 100 60 60 ad00 0 O.UO 0 0. u .u 71 40 60 60 .
alu 3> a:) 42 42 1.50 0 10.)u 20 -6 220 0 60 12t511 0 0 0.00 0 15..,4 50 3 160 60 60 7uale 01 0 O.uO 0 Ito. in .50 12 100 60 60 7d
314 0 0 0.00 0 15.tu 30 71 40 60 60 60
414 24 ?4 31 0 3.00 3 0.50 20 -6 220 0 60 140.15 0 0 0.00 0 30.0 30 -3 160 30 60 40
j1 a 0 1.00 0 O.!u so i2 100 60 60 do'11 0 0 0.00 0 30.110 30 21 40 60 60 6dalt 1u15 1015 19b A 0 O.uO 0 -9 140 0 60 20.5
319 0 0 D.00 0 27.'0 40 3 50 60 0 lea32, 34 J4 47 47 1.50 0 17.s> 40 -5 140 0 1zo 160
S0 0 0.00 0 42.15 19 1 20 120 10 14C32e D. O.uO 0 5 0.'1 0 1 10 10 10 14ua2.5 481 4#,1 6?1 6e2 0 O.-jU 0 -9 ISO 0 60
44 0 0 O.UO 0 44.It 79 3 90 60 30 70325 0 0 0.00 0 22.1'u 50 27 60 30 30 7032o 0 0 0.00 0 12.'u Wu 39 30 30 30 7CJ7 1 7 0 1 7 1 n t) 1 0 5 . 0 3 5 . 0 1 0 6 2 6 0 0 7 0 1 4 U

31 0 . 0 20.,,0 10 S 190 70 70 llU*.v 0 0 0.00 a 20.v,0 20 13 120 70 70 Ila
431, 0 0 C.00 0 20.10 1O 23 So 70 70 11431 124 1, 149 0 0 0.11 0 -7 1.-0 0 4c ISO3AS 0 a 0.00 & 37.50 79 3 s0 40 40 130.3" 0 0 0.00 0 15.-,0 30 18 40 40 4n 105334 19 li 31 0 0 0.-'U 0 -5 100 0 50 990
3.55 0 0 O. 0 29./5 89 3 "O s0 0 7143h J44 0 .f4 0 .75 0 7.50 10 -7 at 0 70 151437 0 0 0.00 0 ZO.IIU 20 3 10 70 0 7ua3a 5 ? 3 0 0 0.00 0 5.',0 d0 -7 160 0 150 10

03 0 0 0.00 0 15.40 40 3 10 1S0 0 7o340 10 d 11 0 0 0.'u 0 -4 "0 0 70 990J41 0 0 0.00 0 39.0 79 3 it, 70 0 40
34e 40 U 71 71 0 0.,,o 0 -1 140 0 120 805343 0 0 0.00 0 17.50 40 .1 20 120 0 11344 309z 3092 140 240 0 O.:jO 0 -10 999 0 70 79o345 .06 306 0 0 0.00 0 12.'0 30 3 999 70 60 9434b 571 3hy 246 0 0.00 0 12.*0 30 33 950 60 60 93j47 yea 42. 0 0 0.00 0 12.0 30 44 890 60 60 954. ol olo 177 0 0.00 0 12.50 40 55 630 60 60 91)3
4
v 325 271 ev2 0 0.00 0 22.s0 30 66 770 60 60 90

35V 433 401 241 0 0.uO 0 22.>0 .0 77 710 60 60 9351 433 404 304 0 0.00 0 22.s0 30 PS 650 60 60 9
35 433 321 .26 0 0.00 0 22.10 30 99 590 60 60 9jJ.3 433 321 269 0 0.00 0 22.>0 30 110 530 60 60 9034 433 346 .0. 0 0.00 0 22.U 30 121 470 60 60 90J55 466 381 339 0 0.00 0 22.*0 30 132 410 63 G0 905o 46v 301 370 0 0.00 0 22.50 30 143 350 60 60 90
357 468 4o6 401 0 0.00 0 22.50 .0 1.4 290 60 60 90
35c' 468 33: 413 0 0.00 0 22.50 J0 165 230 60 60 90359 .35 335 413 0 0.00 0 22.50 30 176 170 60 60 94360 535 CV 202 0 0.00 0 22.50 .30 1P7 110 Go SC 90361 307 0 0 0 0.00 0 22.90 30 1M6 50 60 G0 90
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CO 3 METIT

AVG X AVU 147 STOkY ABOVE STORY 6P-Ldm
OIS 45MT PAmTlilQ4 AVG X AVG Ell AVG I AVG ell RUN1 I RUI 2 RUN 3 RU4 4 Nk 5 RUN 6 RUN 7
hi ZgPO *6IG60 &PER WALL MASS APER WALL AASS pr Pr Pr Pr PF pr Pr
joy 67 0.00 30.00 66 53 111 ice 100 63 143 200
201 0.01 1?..=0 so it 20 7 a z0
en0i 90 0.00 14.75 113 1 111 1000 1000 1?5 1009
Iti 0.00 5.06 113 0.00 773 20 67 a 14
III U.Ud 14.75 113 43 56 12 53
It? so 22.50 25.00 100 143 167 91 91 200 200 125
e13 40.00 25.00 100 0.00 1to0 3 3 9
e14 0.00 25.00 lob 4 3 3
e17 90 7.ud 1O.O0 140 167 167 77 77 167 143 111
e15 0.0a 10.00 103 0.00 1zo0 3 7 to
ell O.OU 10.00 140 4 4 4
It$ 90 10.00 32.00 150 1000 1000 200 200 1009 1009 loon
.114 0.00 20-00 110 2.50 Jos 23 34 S& 7 7 L16
-le 1U.00 40.00 110 32.00 150 37 22 33 43 45 67
ti ld.Do •0.00 110 20.00 110 11 I8 19 10 27
6e lu.b,] 40.00 110 •0.00 110 22 13 15 21 20 23
22 10.00 35.00 Ito 40.00 t10 10 11 19 22 19
IJ4 10. U- 40.00 110 a 21 10
le" 9u 11.o Ui 7.25 120 45 45 56 56 In
z t 13.O0 15.00 120 0.00 113 3 4•
d e7 0.00 27.25 110 4 7 9
ezi 90 00 3Z.00 so 45 45 26 26 53 53 34
Zj -).00 0.00 60 3 3 4
e33 71 4d."O 22.!P0 9S Soo 167 250 250
241 21.50 17.,.0 94 10.00 210 36 13 16
e 21J.Do 22.50 95 10
es 0O U.u0 10.00 60 143 143 Soo Soo 125 111 1000
144 Q.u0 7.50 43 0.00 40 6 5 7
i U.uJ 10.00 60 4 4 4
e b O2 Iu.U0 47.25 100 91 111 9! 91 67 143
IS d.0J 0.00 1'0 2 a
IJ2 go J.tw 5.00 Ito 1009 1000 .009 1009 1009
e.$, O.u,) 20.00 110 0.00 vvO 53 53 20 24 125
d43 0.U) 20.00 110 5.00 110 26 29 2& 17
e41 d.L.J 20.06 110 12 21 4
04e 90 29.50 77.50 110 1000o 1000 1C09 1009 250 ISo 1009
g43 2e.5-3 :??.too 10 0.00 Ila so 25 45 46 9 4 So
e44 O.U0 77.50 110 27.50 110 23 34 7 5 26
e45 0.04 27.50 110 3 5 14
14* go 11.54 7.50 140 167 167 36 36 167 '3 9
e41 0.01 7.1 0 13a 0.00 140 2 0
e4-i U.00 7.50 135 7.50 140 26 14 16
e4# U.11J 7.50 135 7.!PO 140 12 10
let- o.,0 7.50 135 5 S
Z*. 90 2,e.50 17.50 110 l10O0 1000 500 Soo 1009 1009 loon
11) U.Ud P2.50 80 0.00 11)o 23 14 14 it 10 17
e-JJ O.U,2 72.50 so 17.50 Ito 21 24 24 23 4,1 44

40.04 22.50 so 22.50 so 26 19 19 30 24 ?m
>U.04 22.50 so 20 22 in
S 90 0.01 74.75 113 1009 26 1009 1009 1009 1009 1009

IS/ U.u.d p4.15 105 2.50 7-J0 42 27 31 29 ld 17
"to 2U.0,J p4.75 105 24.75 113 6 ill ill 167 333 125 111
L,5 20.u-J 74.75 Jos 24.75 105 Ill 167 167 333 333 167 125
I J0 io.udI ,4.75 Jos 24.75 10 S 143 167 143 200 500 16/ 125

eat 2U.00 24.75 105 24.75 1115 167 167 167 230 Soo 200 143
I t 2u.Aou ;4.7,t 105 24.75 105 ill ill 250 Soo 250 200 167
e05 2U.un 24.75 103 24.75 105 100 too 200 200 1i5 ill 12S
264 Zu. U 24,75 1.15 30 30 13 12 29
d67 80 0.00 20.00 235 91 167 91 91
e6b a. ud 75.00 ISO 11>.00 -118 25 14 2
e67 U.L,. 75.00 14n 20.00 j s 9 1 i
'eat 0.0. 25.00 145 25.00 150 9 14
e61 U.tbJ 25.O0 148 25.00 146 7
eta U.03 2S.00 248 4
e71 so 2,e.!d P0.00 70 59 59 71 71 63
eye 00 0.00 70 0.00 990 2 3
Z3 u.b,) 20.00 70 3 3 4
e74 65 Jo.uo 17.50 150 167 167 46 46 200 56 5 o
17 U.QJ 2.00 2100 6 10 in
Z75 90 2e.50 37-25 110 53 53 19 lip 50 59 42
077 O.ud 30.00 110 0.00 140 it At 5 5 2n
e7t 0.1ja 30.00 Ito 37.25 110 13 is IQ
12To Q.uU 30.00 110 4 6 14
.*S 90 U.Un 45.00 110 1000 1000 125 200 1009
e41 U.60 450.00 110 0.00 Iva 17 17 6 13 24
252 U.U1J 45.U0 Ila 45.O0 110 26 24 24 19 24 31
p1 J.uJ 45.00 Ila 45.00 -110 -18 24 24 19 27 31
e"4 ".uJ 45.00 110 45.00 tic is is a is 24
00 u.ufj 45.00 110 45.00 110 6 a is
e"S 0.00 45.00 110 45.00 110 7 10 13
eat Q.ud 45.00 110 S
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CW 3 TWI'T (UIIMNE)

EA4; AV. N'
1  

sOkY At.OVE bTtMT I'LJW
f' ! v'A-1i1l10 avG % Avo i.X VG X A.b EAJ RUN I 40 2 RUX 3 RUN 4 JUN 9 5 UN & RUN 7-I % -LeV tIbl pc -ALL "aSb APF .-LL MASS Pr *r Pr pr OV Pr Pr

/e . 9U 4.:t ; ,V.7P 75 167 167 100 100 6 7 167 illZv u.u 0.00 110 1 25 6 11 23191, 9u Ze.t* S4.0 70 167 100 100 16 200 125
e9, u.Li 0.U0 IC 16 25 6 17 23

v7 t.oi 15.00 1311 38 333 56 50 100e9.1. le.sJ 10.00 193 G 13 31Z94 9*1 4.0J 22.d5 14S 111 111 167 167 111 J33e* , U uJ 0.00 vvt 27 31 a 3sF eVE, V t 24.7) 12.25 110 1009 1000 1009 1009 1009 1009 1809
eYJ 0.b)2 4.0 :I0 0.00 vvo 21 30 43 6 10 29CQ U.uU S4.-0 110 3P.25 110 33 91 10 16 42
eQ.. U.U %4.t0 110 54.50 110 28 71 20 2. 4240.1 U.0I' 54.50 110 29 41 a 8 343O1 71 Ju. o 17.50 93 100 1000 167 167 200 67 100030e u.u.i 17..0 90 10.00 el8 38 1s 15 7 10 130 . u.L.. ,5.uO 9O 17.50 '43 24 20 20 7 12 4?.564 o.tI 15.00 90 17.50 g0 11 is 10 16 29
J20 5.. 15.00 90 a 11 9300 6U V.u.. 30.u0 80 48 111 100 111 1AO/ J . .1 '0.00 d0 20.00 140 4 6 16.505 o. L,0 %0.00 0 30.00 do 10 14 24Joy J.UJ 3U.UO 0 8 8 151. 75 t .. bu 15.uO 70 63 167 11 111 200 12, 143i11 U...1 15.U0 10 10.00 11 3t 32 5 17 29
1 .U 15.00 60 15.00 /0 43 43 16 so 40.31a a .u. 15.00 1O 18 18 a 14 2?314 60 U.'J .10.00 80 48 111 23 23 250 91 83

415 U.uj 30.00 80 20.00 140 5 5 I1
316 u.uI 30.U0 00 3A.00 d0 13 8 17
s1/ U.0-i J3.00 80 7 6 13
614 67 24.7, 77.50 180 143 167 48 40 167 67
319 U.10I 0.00 203 13 1.# 7 142U 80U 4u.u 42.25 140 50 167 3 30 1251 t.oS 1 0.00 140 17.50 160 3 2 6
.2. U. 42.25 140 4 4 442 0a U.UU 44.75 70 125 125 167 167 167424 u.u5 22.50 70 8 8 18I.) a.|lJ 12.50 70 44.75 /0 11 12 1942b U.u.. 22.50 70 5 6 73el 61 2u.00 20.00 110 I00 167 143 143 250 167
320 U.u0 O.O0 lie 5.00 140 is 22 38 20 So.55 o.uJ 20.00 110 20.C0 110 53 23 23 27 11334 u.tu 20.00 110 11 9331 9 u.uI 39.00 130 3 so 40 40 91 91 633s u.uu 15 0.00 10 6 5 6J.13 u. OU 39.50 1.50 7 7 4
4 4 90 u.ou 9.75 70 145 145 30 30 143 143 S

j3 0.0 0.00 -VO
.515 4 2,e 00.00 I0 31 so 53 53 2 34 596J. 1.u.D 7.00 1016 53 3 3 2 35t 71 2u.01 12.50 7s 40 40 too 71 2
3, .U 1 150 105 4 4
44u 9U .o.5 29.50 40 4 41 30 30 9 4 5
441 u.u .. 0 V 3vO4 2 63
j4 e 90 zu.u 17.5 0 1 0 167 3 125 2 00

341 U.uu 0.00 o00 3 944u.oO 12.0 90 22.50 1100 1000 1000 125 1009a45 U.j 12.50 93 0.05 7Va 167 19 19 7 1.3
J4D 2u.O 12.50 90 12.50 VO 167 67 67 1 41
347 2u.UO 12.50 90 12.50 93 167 16 56 143 1945) #v.uJ 22.50 90 12.50 g0 167 22 22 l67 1z
34V 20.t.0 2.O 90 12.50 g0 333 42 42 125 63isu 2U.Oj 22.b0 90 22.50 -4O 333 so so 125 71

Zu 2.Uu 22.50 90 22.50 '00 ill 43 63 125 77
ise 2U.00 22.50 90 22.50 90 Ill 91 91 125 83
J5 2u.oJ 22.S0 90 22.50 vO Ill too 100 1.67 67
354 20.ud 72.50 90 22.50 go Ill 100 too 200 83

45t, 20.00 22.50 90 22.50 g0 167 il1 7l1 200 91356 20.00 22.!b0 90 22.50 g0 167 ill ill 129 91
is; 2u.ato 22.50 90 22.50 90 167 Ill ill, IS$ IGO
J"5 20.U0 22.5 1) 0g 22.50 90 167 93 83 $3 100
J" 20.00 22.!O0 90 22.50 g0 167 71 71 t00 63
460 20.00 22.50 90 22.50 90 167 40 40 48 50
.561 20.00 22.50 90 50 11 11 12 16
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V. NX Orleans, Louisiana Data

WD 1 a Ha6

RuN I RUN 2 QUN 3 RUN 4 OUR 5 RUN 6 HUm 7
UJbb 6APAkV&k FACLITY PAR! 6r0 T PV USk UOUF TOTAL TOTAL q0r TOTAL TCTAL TUTAL 

T
07AL onr TOTAL

NJ LJCaTiOt %Um46N P'0. %i. COoD COUF -.UNT kF lIr c3T Rr Rr or or CUNT or
02 5d42000d 24 1 1 .000 .002 .002 .322 .358 .000 010
468 .5e420U0v 41 1 1 ..000 .002 .002 .126 .365 .000 .010
364 -4gpVV rI 1 1 4 . . .000 ,002 .AO .212 .420 .000 .010
365 S14e000 V9 1 2 36 4 p .U21 .016 :006 . .U07 .006 .006 .01:
Job W4eV016 ein I 1 i7 45 .UUO ,033 .02p . .000 .362 Ono f

4

Sol 52420016 'd 1 2 67 45 .000 .031 q2t * .U22 .014 .000 .010
34 62420010 2U 1 3 5 4 .000 .016 . .; . .016 .013 .000 .00
.369 6)4*O010 220 1 4 67 45 .U0 .014 .01c .013 .011 .000 .Oo
370 6242C0l* kzu 1 6 t17 45 -001 .012 . 0, * .013 .011 .000 oO
71 2?420u1o 220 1 6..045 .045 .012 019

37j? S.-420030 g2ol 1 1 36 43 .002 .040 .020 : C .99 :110 .002 .31
J74 5i4e0 u 22 1 .009 .037 . .91 .084 .006 019
314 5?42003V 2u 1 1 .066 .100 .026 .03Y
34' 5e490030 Zen 2 1 46 43 .008 .029 .02C .022 .054 .!46 .U90 .077 .007 .043
17h 5420UI a 2 d d3 . .032 .052
377 

5
c

4
o0u

3
0 2zet 2 1• o034 .077 .077 .135 .110 .024 .U

378 
6
t42

0 0 7
U ged 1 1 .000 .034 .000 .026 .02a .034 .000 .021

.479 5242000 22? 1 ? 57 59 .oUO .007 .007 .000 .025 .005 .009 .U05 .000 uO
3110 62420070 CW; 1 3 )7 59 .uu .012 .012 .000 .003. .003 u8 .P1 .000 .009
461 62490070 g2 1 4 57 69 .UUO .01 .011 .000 .007 .001 .007 .U16 .000 .026
.62 52420070 222 1 1 57 59 .kuO .009 0C7 .000 .027 .027 .009 .013 .000 .c21
43 5?420070 e2, 1 6 57 59 .001 .024 .024 .001 .022 .022 .010 .014 .000 2"
354 540070 fe? 1 1 -7 59 .004 .020 .020 .003 .021 .021 .013 .015 .002 .021
385 624k0U70 222 1 6 .Oeb .043 .012 .047 .047 .036 .U35 .010 .U40
40b 62420070 led 1 0 67 61 .0UO *102 .038 .u0 .000 .000 .013ad7 6240070 ee. 1 1 .000 .033 .0&1 .024 .024 .043 .046 .000 .044
of-% 5240070 k25 1 2 S7 61 .002 .017 .017 .006 .022 .021 .010 .029 .004 .014
Jo e 24 070 225 1 3 : .036 :041 .046 .042 .063 .033 .04:3
ivu 6240076 2vU 1 3 S7 64 .07 .014 :014 .003 .008 ,00 .009 .012 .0n2 .010
a91 524,cG76 ?9> 1 1 0 14 .030 .031 .058 .0!: .036 .030 .010 .049
3v2 6P490075 ev- I e 46 54 .011 *017 .017 .052 .063 .C63 .V14 .015 .031 .03S
3v3 6'4d0075 29 1 3 .035 .039 . .030 .030 .057 .Of
494 5t'20075 292 1 4 112 il1 .141 s.
496 t24.10075 62i 1 1 .001 :044 :006 :026 :011 .162 -040 .003 .019
Sgt. 62410075 621 1 2 57 54 .004 .022 .022 .016 .625 .019 .u14 .026 ,011 .018
39/ !Q120u76 62l 1 3 .016 .039 .046 .067 ,0S3 .U10 .029 .036 .045
3O 52Ie0u75 tx 1 4:.5 7 .140 .147

.399 124,0075 62z 1 1 :001 .034 :081 :027 :027 .34 .030 .000 .043
400 6P240075 622 1 d 7 59 .UU3 .008 .000 .004 .011 .011 .V09 .010 .002 .01
401 624 0075 52d 1 3 57 59 .009 -024. ,024 .016 .033 .031 .017 .020 .011 .026
402 524e.07 52; 1 4 52 04
403 6420076 62o 1 1 .006 .040 * 00 .054 .054 .115 .106 .00 .07
404 5420076 '22 1 2 37 59 .013 .024 .024 .015 .025 .025 ..'27 .03e .U14 .0?j
406 62420076 .o 1 S .02 .030 . .025 .034 .034 .031 .039 .020 .033
406 5?4.,0076 626 1 4 .045 .044 . .038 .046 .046 .043 .050 .034 n045
407 54g0076 626 1 5 .06! .071 .071 .052 .065 .062 .072
405 5?420075 62h 1 6 .106 .111 .112 .121
40V 52420076 >26 1 7 .e14 .197 .246 .255
410 52420077 1'. 1 2 ., ,059 .000 .043
411 52420077 179 1 1 . .066 .000 .046
412 52420077 179 1 4 .103 .000 .031
'1S 52420077 17V 1 6o .083 .002 .029
414 62420077 17 1 0 147
41t 5242ou 301 1 0 43 51 .ouo .000 :001 :000 :000 :000.000 .000 .00 .000
410 52420050 S61 1 1 43 51 .000 .044 .009 .000 .019 .004 .060 .052 .000 .010
417 0242006 361 1 2 43 51 .U00 .012 .009 .000 .003 .003 .013 .07 .000 .003
410 6)420086 461 1 3 43 51 .000 .006 .003 .000 .001 .001 .005 .008 .000 .003
41V 52420056 361 1 4 43 51 .000 .003 .003 .000 .003 .003 .004 .009 .000 .003
420 62420066 401 1 5 43 51 .000 .001 .002 .000 .003 .003 .005 .007 .000 .oo
421 52420056 361 1 6 43 51 .000 .02W *022 .000 .014 .014 .014 .029 .000 .00o
422 514106 '61 1 7 .000 .027 * .0OU .007 .007 .021 .015 .000 .006
423 52420066 361 1 .001 .040 ..001 .006 .006 .013 .015 .000 .005
424 2420186 361 1 9 .003 .031 ..003 .007 .007 .013 .021 .002 .00
426 52420666 361 1 10 .015 .032 ..015 .024 .024 .025 .025 .010 .015
426 5420086 Sal 1 11 c 092 092 066 .007 .064 .069
427 52420056 465 1 U 57 53 .000 .000 .001 , . . .066 .000 .000 .000
423 62420U06 465 1 1 :: .U70 :046 .000 .011
429 5i42006I 365 1 e 57 53 .000 .009 :06 . .006 .010 .000 .009
430 62420050 365 1 3 57 53 . .001 .017 .009 , , .014 .015 .000 .00a
431 S24WOu6 .u 1 4 57 53 .007 .021 021 .015 .014 .010 .022432 6242006 6 06 .5 09 .4
43t 5242086 3677 1 0 43 51 .000 .000 :081 .060 .000 .000 .06 .050 .009 .042433~~~~ 0M86 47 1 3 5 0 O0 .000 .000
434 52426066 377 1 1 43 51 .000 .008 .003 .000 .02 .026 .011 .067 .000 .023
435 5240006 477 1 2 43 51 .000 .001 .001 ,060 .603 .002 .001 .004 .000 .004430 52420006 477 1 3 43 51 .000 .001 .001 .000 .09 .003 .001 .005 .000 .005
43o 62420066 377 1 4 43 51 .000 *002 .003 .000 .007 .004 0O1 .009 .000 .04
436 52420060 377 1 4 43 51 .000 .005 .003 .000 .007 .003 .003 .011 000 .004

43V 62420066 j77 1 6 43 51 .000 .0 .063 .000 .005 .03 .002 .005 .100 .00
442 5420016 377 1 7 43 51 .000 .004 .004 .000 .012 .012 .001 .004 .000 .00
441 12420066 477 1 8 43 51 .000 ,005 .003 .000 ,009 .09 .002 .005 .000 .003
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O~~~iDCH 10 AM: O£/ (OfT]R,)

u4 I It" 2 3 0 4 _ u_5 o_ 6 ______

U1: S'1%COAkU FALILI|
T 

-401 ZTuRT PV USL. UUV TOTAL To'&, 430;UfTOT.L ToT4TL 01TAL TUTL jr -° TjT

III LJCATIU% hUP-OX "0. AID. CUOF CODE , usT MF kr C34T r RF 9; oir CONT RF

4 4,e.14Z066 .511 1 v 43 51 V.00 5 *O .u03 OO .09 .007 001 uol PoS .ODD .003

4 4.jt,4,eO0U J17 ] 10 43 st .400 .0O6 C0O4 .080OC .005 .00 d1 V.0 .000 .003
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51 4-> 0 O.00 0 5.0 a 0 3o 410 40 5 40 OO
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S P A c E S AP6R APtR Av; MAX. WT OVER- kXl

0IS PU&4 I WUN 7 SILL SILL % % OF HEAD ;LO0 CEILING "ALL

#I F-4U PF lt) VF-4v Pr-luO WT. WT AF-W AVER AET ,jT. m. y* KPIOM MASS

S6hO 0 1.50 0 SI U 62 8 Sao0 80 80 lOU

69 64 ,1 £07 0 1.50 0 0 62 65 420 s0 80 lOU

I'U Co 4 414 9 1.50 0 .' 62 74 340 0 s0 OU
571 61 U 434 1 1.50 , .. J 62 62 260 80 60 lOU

57 62 a 413 0 1.50 - $6.10 6? 90 180 80 80 lOU

573 0 0 1.50 0 36.'U 62 48 100 g0 80 1OU
74 0 d U 0 0.00 0 22.e,5 69 . 150 0 £0 gu

S75 U 0 0 0 0.00 0 95.,d 40 7 150 30 so so
516 4c d 0 t 0.00 0 1S.,O so 29 120 S, SC : u
577 40 0 0 n 0.00 0 25.h.0 s0 41 90 30 30 AU
s7N 0 U u 0 O.UO 0 25.,0 30 % 60 30 30 mU

579 0 0 O.UC 0 25.j0 £0 0 30 £0 30 at)

560 O05 SrU7 267z 1476 0.00 0 do.. 0 20 1 190 0 60 173

5.1 0 0 0.00 0 47.e5 59 14 120 60 60 17£
0 0 0 . iO 0 47.!5 59 39 60 60 60 173

563 107 j 0 0 0.00 a 7.'u 20 £ 180 0 60 10£

5"4 134 147 0.00 U 27.'u to 14 10 60 60 11

511p 0 0 0.UO 0 27.,U 50 39 60 60 60 115
,m 107 j £54 0 0.00 0 lO.Iu £o 3 180 0 60 ad

-531 734 214 0.00 0 20.10 40 14 120 60 60 lo

bp8 0 0 0.00 0 20..-u 40 39 60 60 60 IOU

"89 172 lie ; 90 0 £5.,10 40 J 310 0 so 95

590 600 256 0.00 0 55.0iU 40 15 260 50 so 9,

-91 281 261 71 591 0.00 0 35."U 40 77 210 50 so 9,

!)V2 74? 0 0.00 0 35,,IU 40 39 1o s0 50 92

593 0 0 0.00 0 .1."0 40 61 110 50 50 9,

594 0 0 UkUO 0 A,.Ij; 40 As so 50 so 97

ttt boo 1 0 0 0.00 0 30.. 50 3 2bO 0 50 at)

591 0 0 0.00 0 30."O0 t0 1b 210 50 50 6U

597 0 0 O.UO 0 32.-,U 50 30 160 50 so 60

,98 0 0 0.00 0 50.0 5 0 42 110 to 50 so
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60£ 1474 68 0 O.O 0 .1 190 s0 0 so
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605 540 '1 769 0 O.UO 0 O.IIU j I7 Ito 0 80 Be 160
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O 07
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623 2720 4720 224 197 3.00 3 29.711 t 149 350 100 100 120

624 2120 2720 224 179 3.00 3 29.75 59 162 250 100 100 12U

625 1020 1029 219 0 3.10 3 29.7S b9 175 150 100 100 120
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J70 22.50 58.00 10 50.00 1o 83 lit 77 91 125

371 22.5o 8.60 100 21 22 53
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.I AV. 11 SfOqY AhOYE !TuR b-LUk1,4 4SPI PARItIU AVG % AV6 EX AVG : AvG kA) RUN I 4U% 2 RUN 3 RUN 4 RUN U RU7.J -gpO "EIG.I aPCft ALL "ASS APEN WALL MASS Pr or Pr PF Pr Pr Or454 U.UU 21.50 140 27.50 140 83 83 250 250 1000 l000 100iU.u 77.5o 140 27.50 140 63 111 100 100 500 500 504E,.(,. ) 7.50 140 27.50 140 40 43 43 53 46 >647 I.U. 27.50 140 16 16 9 8 194). .1, 75.00 140 
15 16 11U.U-j ".00 140 34.75 140 34 s0 48 67 29U.U1 75.00 140 25.00 140 21 32 17U.10 2 .00 140 6 9 a462 90 U.P,. 44.75 160 1109 1000 1000 1000 1009 1009 100946. U.u'j 47.50 IS0 0.00 1>U 29 42 42 16 16 3%464 U. U. ) 7."0 130 44.75 160 200 200 167 167 S00 333 11146- U.V0 £7.50 130 37.50 10 50 50 36 36 45 31 6346o U.U1' 37.50 130 37.50 130 23 43 43 20 21 59461 u.u 37.!0 130 37.50 130 42 42 s0 50 45 so 5946b u.u.1 17.50 13u 37.s0 130 50 50 50 50 63 67 53461, 0.1 31.50 130 37.20 130 56 56 31 31 67 67 3347u u.u0 31.50 130 36 10 10 27 38 13471 go U.111 17.es 120 167 167 167 161 250 200 16747, u.Uod 7.50 120 O.UO 100 26 28 45 26 29 4747j U.U0 17.25 1 O £6 4 13 12 £7.74 U.UO 42.50 180 11 12 8 7 947- e.5J 4.50 180 32.25 135 42 42 34 34 71 40 16476 e.5u 4W.50 16.1 42.50 100 56 56 40 40 56 38 24471 1.5d 42.50 10 42.50 11C 23 29 2p 37 38 14471 t.5 42.50 160 42.50 160 21 21 £0 30 1447.0 Z.>J 42.50 10 42.5 0 U 12 1 7 1£ 1140k, .d 4L.50 180 42.50 120 6 i 7
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48b 9.00 2.50 83 '8 4348b. 0.O 2.5 6 0 40 147 13 1 562.50 68 2.50 b 167 167 100 143 143487 u.UJ 2.50 68 2.50 6 111 111 91 77 167u8. U.po 2.0 66 2.50 68 59 59 50 50 26
48V U.ud 5.00 70 1.50 Ob 19 17 37490 0.00 2.50 08 6 6 2491 67 U.0 32.50 140 22 167 333 200 100949, U.30U 40.00 140 42.25 150 5 20 77'94 U.03 40.00 140 32.50 140 w0 20 3a 10n4V4 u.UU 40.00 140 40.00 140 23 23 19 t34v9 U.00 40.00 140 9 13 234VO 67 u.bu 20.00 130 36 167 143 167 4A491 U.6i p2.50 130 22.50 150 6 13 2249. u.0.1 20.00 130 10 12 IA49V 7s U.uJ 72.25 110 1009 333 143 143 1009 1009 500su 45.U, 19.75 150 7.50 120 14 3 71 53 4 71201 u.u-j 19.75 150 22.25 170 27 19 24 53 50 2320? .'.UJ 19.75 150 9 12 5
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220 0.0u I2.00 40 15.00 40 14 30 17527 0.00 15.00 0 6 11 632 0.00 40.08 140 38 16 15 11 26 14jy2 10.90 46.00 le0 40.00 140 67 167 33 43 167 125 423a 10.00 40.00 140 40.00 140 33 50 28 36 71 125 53231 10.00 40.00 140 40.00 140 21 22 2, 42 111 50S3j 10.00 40.00 140 40.00 140 20 17 19 33 53 32244 106.00 40.00 140 40.00 140 30 50 23 26 37 59 36234 10.00 40.00 140 40.00 140 42 4? 23 23 42 63 £7
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AVG Z AVu 1%1 STOKY A£OVE STUNT "ILUNt.4- .SMT P'A.TIIIU. AVG % AV6 bXj AVG . Ail A1| aU4 1 QU4 2 RUN 3 RUN 4 RUN S RUN 6 RUN 7NJ uVt I i.T Apt. "ALL MASS APEN kALL "lASS PF Or PT PF PT P Pf
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36uO3100029 
33 403 8 6

u8 . 36.00 10n
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1 1
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9 u.Uj 30.00 so 30.00 do 33 4 13 31

o 7 S O. u 30.00 1 a 10.00 do7 1 30
8 0 8 U . 0 i 3 0 .0 0 1 2 0. 0 0 0 7 1 1 2 0

Jy 2 . 3,) 30.00 1 0 6 11 14
D10 22 44.5 35.00 10 1 11 678 1 9 0 u . O 0 2 1 391 0 0 9 10 7 6 7 0 7 1 8 9 80

1oo . 1:.2. 0 ti .14 14 143 143 100 250 1000
boa 9 0 3S.00 zoo 8 167 100: Soo Soo

813 O .Oo 2. 75 1 01 34 5 00 1009014 20 I0.00 . 1 0 22 111 15 1 5 27
o0; V,5t 30.00 160 27.50 160 32 50 32 so 260 4Y~d 30.00 16001 17 2

bo1 0. 0 2 7 5 1S6 247 12 1 67 333 1 1 0 0 1 0
2,.2*.u 35.00 120 17.50 160 67 67 10 ill 25

0" 0v 2,e.5J 35.00 120 27.50 160D 10 2?.5-u 35.00 1 013 48 67a l 91 11 
3ol1 90 U.va 19.75 213 100 100 100 100 1 130

o1 0 ?. 10 0.00 lye 143 143 14 14 13 33bli 2u.uu 29.75 120 1V.75 213 slO 333 13 14 333 56h14 20.00 29.75 120 29.73 120 lose see is 21 Soo Ill015 20.00 29.75 12C 29.75 120 167 333 18 21 500 125
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ca 3 EW (OT.D)

AVG X AVu V1 STOhy ABOVE S1ORY htLU
01S 4SA PA ATIlIUN &vG % V(G Ex! AVG Z AiG EXT OUi 1 *ui 2 RUR 3 HUd * RUN 5 Uw e Ru. 7
pJ ZxeO *EIGHT APEk "ALL MASS APER wALL MASS P 4 =r Pr pr p5 P 6 r

Ole 2U.04 29.75 120 29.75 1d0 111 167 20 2
4  

333 143
017 24.00 29.75 120 29.75 120 111 167 20 23 200 167
610 20.00 79.75 120 29.75 120 143 111 21 21 250 167
blv 2u.uO 29.75 120 29.75 110 167 167 23 23 333 20
o2t1 20.00 P9.75 120 29.75 120 750 750 28 25 500 200621 2u.ud 29.75 120 29.75 ldo 250 250 23 23 So0 200
Oe 2u.bo 19.75 120 29.75 1d P50 ?so 29 29 500 250
024 2u.uo 79.15 120 29.75 ieO 333 333 31 31 500 25n024 2u.uJ 79.75 120 29.75 Id0 2!0 250 32 32 S00 20n
o; 2b.u' 29.15 io 111 111 22 22 143 59
doe U.UU 2S.00 140 5? so 40 45 4 29

ow; 7.5d 25.00 140 2U.00 140 22 W4 31 14 56
62A 7.,J 25.00 140 9 22
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VI. Albuquerque, New Mexico Data

ca 1 -imL4
Ul I WUN 2 4UD 3 RUN 4 RUN 95 UM 6 RUN 7

- 0I&h 4*4jO& CILII' 9591 OlUQl 98 USE  UUf IOTAL. TOTAL 800t TOTAL TOTAL TUAL TUTAL ROOF TUIAL
0J LICA0IU% fUDt"I. " 0. *0. cOte cool CINT or kr COAT ar ir "r Ar tOuT or

62v j3I1Oulu 4e 1 0 57 J1 .02? .004 - .004 .001 .081 .001 .U03 .004 .000 .OOZ
oas 531101U 4, 1 1 • .172 .324 .080 .164

5o 51o1o 4 1 .. 125 .29 .0f1 .084
63t 5j:10010 4, 1 ..140 .211 .011 .041
03 3 t Ojlols 1ej I 1 .114 .235 .11S IS*.34 0,3110o 135 1 U 57 21 .014 .020 .020 .009 .017 .017 .U24 .0C2 00S .U14
030 53110021 13) 1 1 .413 .331 .029 .121
bib.36 S,31CU21 i 10 :00 :.0 : 428 3S33 .122 .181

1 110024 6. 1 0 35 21 .006 .006 .086 .807 .07 . ue .060 .002 .010
*o 53110014 6v 1 1 .015 .030 .1 .025 .025 .313 .032 .003 .U12
ojv 5110024 6V 1 z .006 .992 .092 .171 .052 .0U27 .039
r40 ,3110414 70 1 U 57 23 .009 -010 .010 .00 .805 b 00 .011 .U .011
041 51110024 7t. 1 1 . 01; .059 .044 .147 *.000 .04,

.0110024 IU I . .07 .j30
o41 513110? 130. 1 11 32 .31 :012 :015 :010 .844 :047 :047 :'Is . .30 .40

.44 51127 1J 1 11 .01 .
04 I30017 53 1 0 t7 54 .u .04 :4 :0 00 :005 :0., .001 .081 .000 .o
.46 5311002/ 1%1 1 1 :- :027 :020 .0 5 .06 .45 .1:2 :O:1 q71
641 110740.001 2031 .135 .05 2 .061 .v n .28
04. 53110017 103 1 3 .011 .048 .016 .041 .041 .039 .06 .01 O 0
04V t3113,021 1,4 1 0 50 51 .000 .000 .001 .004 oO' .0 .00 .000 .00 .001
o05 3110021 14 1 1 .. 04 .164 .015 .126

6 5 011100k7 05. 1 W O o0 .051 .000 .13?
:t0110027 1:1. 1 1 :0 :9 :09 : VIS . 14 :.089 :.000 :.090

053 5110u27 1>4 1 4 .000 .091 .091 .057 .055 .000 .060
054 53120027 10 1 1 .000 .072 .072 .147 .046 .u00b .952
005 53111U2) 10. 1 0 .000 .058 .098 .040 .040 .000 .O

4
4

oo 1.5100.7 10> 1 7. .000 .047 .047 .036 .035 .000 .039
o57 5311l007 1l0 1 5 .000 :045 0.000 .038 .035 .o3l .03 .000 .035
o' 5S11OU27 10. 1 9 .u0D .043 .000 .036 .030 .030 .029 .000 .033
oV '3110027 17. 1 10 .0UO .041 .000 .035 .035 .078 .027 .UnO .030
tau 53110021 104 1 11 .u00 .039 .800 .032 .032 .026 .926 .000 .o26
col 5I110017 I"0 I 2z .031 .037 . 001 .031 .031 .J25 .025 .000 .020
to, t3110027 10'. 1 1 .0J .3a .003 .042 .04, .026 .026 .082 .U2'
063 5311002 10 2 1 14 .012 044 .009 .043 .0A .u33 .033 .008 .034
to. 5j110027 10' 1 21 • .030 .061 .061 .079 .079 .03i .056
o6, 01210077 In 1 V 7 51 . .00 .081 .000 .008 .000 .004 .004 .o40 .001
oos 531100?7 111 1 0 43 53 .002 . 002 08 .C0' .00 .004 .u02 .082 .002 .02
of? t03110010 171 1 1 .004 .034 .009 .031 .031 .v40 .042 .005 .03506 0111002I 171 1 e 43 53 .011 .015 .015 .02!0 .020 .026 .013 .015 .014 .021

560 5110077 177 1 3 .U03 .043 . .063 .074 .074 .u6o .u3a .039 .051
t70 5311007 111 1 4 .137 .131 .117 .131
oh 310U02) 16. 1 0 57 31 .004 .004 .028 .026 .026 .028 u S . .014 .0"t
O 7' 511027 eO I 1 3R 45 .020 .0O .024 .024 .i31 .021 .go .0a!

73 531100e7 1O 1 I 38 40 .020 .000 .018 .018 .U14 .014 .080 .020
o7. !5110027 kom 1 3 is 4!p .020 .080 .014 Al1 .013 .013 .000 .01.
67, 5S110027 OQU 1 4 3O 4.> .020 .000 .013 .013 .012 .012 .000 .010
0o7o 0,110o7 /uO I ' 38 45 .0 ? .000 .009 .009 .011 .011 .9a0 .00r
o77 53110ou1 o 1 6 3 A .009 .000 .007 .007 .010 .010 .000 .00i7 1110021 1030 1 J O6 45> .00 .000 .005 .0 .009 .009 .00 .007o t 55110111 1' I P 6 i 40 .006 .000 .010 .010 .008 .08 .0 0 .00

3,50 t311007) O 1 8 45 .020 .000 .007 .007 .u0 .085 .000 .012
oa -311005) dUU 1 10 36 45 .009 .000 .807 .007 .O08 .08 .000 .30

1 fte SI3u0l kuU 1 1! 38 45 . .0. .0,1 .087 .807 .,0 .00 .0.0 .000
Cal -3110027 e00 1 12 38 45 .020 .006 .010 .410 .014 .014 .004 .010,"4 5111002? UOu 1 13 38 45 .039 .26 .030 .030 .us1 .01 .021 .2 7
op- '0110027 104 1 a -7 45 .002 .000 .001 .001 .V01 .000 .0f0 .000
.6 03110027 104 1 1 57 45 . . 038 .008 .^53 .058 .000 .103
oa 0S111007 g04 1 l 57 45 .03 .064 .072 .00 .071
040 5311002 , 4 1 3 57 45 .o3a .0o0 .071 .071 .o uS 46 .008 .04o
054 J11021 04 1 4 57 40 .031 .000 .072 .071 .040 .050 .000 .041
9U 5J110027 204 1 57 45 .038 .001 .052 .052 .035 .047 .000 .o3,

•v9 0311002) 104 1 57 45 .038 .903 .044 .044 .034 .043 .901 .434Oe b3119027 '04 1 2 57 45 .038 .013 .043 .043 .058 .049 .080 .036
093 0111027 ,04 1 57 40 .030 .084 .086 .055 .116604 531100o7 O 1 V 57 55 .003 .003 ."o3 .003 .082 .002 .001 .602
04, 53110u21 '05 1 1 .014 .053 .053 .115 .070 .012 .070
. 53110027 105 1 0Z .0 -6 . .061 .09 .064 .018 .069 .04 .064
? 53110033 107 1 0 07 Z2 .-- 3 .02. .020 .023 .925 .2 .084 .011 .024

396 55110033 107 1 1 .053 .094 .07 .160 .834 .070
F' 51110033 101 54 . 2V 151
/04 51103 1 1 0 34 39 :013 :019 .819 :01. 1014 :014 .013 .014 .o16 .026
101 5011.030 12 I I .. 45 .098 .090 ,138 .431 :020 .. 53
101 5S110046 900, 1 0 36 49 :Oh .01 6 .016 .016 .00 .006 .00 .0a
703 03110946 vot00 1 1 .803 .050 .037 .177 .098 .001 .a36
104 SJ110046 Vd uU 1f I k .012 .044 .035 .120 .v4G .005 .027
70' 53110046 ,3go? 1 3 . . 01 .062 .013 .001 .160 .069 .035 .053
/ 3210046 9003 1 0 36 49 .0 .023 .23 .005 .087 .000 .00,
J07 5n10C

4  
' 1 1 .003 .051 .037 .164 .087 .801 .041

7On 5311004b V0093 1 2 .81Z .040 .039 .17 .045 .005 03e
?a. 53110046 v'00 1 3 .862 .808 .082 .151 .064 .035 ,051
710 1110c46 V'36? 1 if .00 .025 .811 .061 .082 ,031
711 S311006 9038j 1 3 .03
711 53110046 90363 1 0 57 49 :012 0 .so 1 .7 , :, :.042

/1 53119"46 9.363 1 1 .001 .039 .025 .145 • .900 .023
/1' 53110046 90363 1 2 .036 .025 .819 .o61 .002 .031

/15 I 3110046 90363 1 .a. .136 .849 .845 .065 * .019 .042116 53110053 35 1 0 35 44 .807 .810 .10 .317 .09 .014 .806 .986 .018 .045.Y17 .01 .1 06 00,1 015
717 53110003 . 1 1 .33S .369 .041 .108
718 )J310593 35 1 W . * .382 .384 .110 .l 9
719 51110056 11 1 0 52 21 .t18 .047 :020 .012 .016 .019 .038
/20 5311027 166 3 1 .056 .136
721 51110Ja2 86 2 a 57 22 .004 .805 .003 .004 .oo9 .005 .002 .001 .082
72? 53110020 81 2 1 57 22 .015 .021 .020 .015 .024 .821 . .01 .019
/21 53110028 06 2 21 .086 .09S .091 .045 * .061 .073
124 53110046 *U221 I 1 .006 .045 .045 .149 . .001 .0?4
72, 5311004 05 1 1 .I I .00 .036 .036 .142 .081 .023
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CNO 2 XNRMU

AV. Nil. 13TL AV.S P C P APR AV,, iA. 4T OVF4- Oil
O41 HUB 2 AUR 7 SILL 'ILL % x Or HEAD FLOO

4 
C4ILING *ALL%2 4r-40 PV 14O Pr'4o PF-IU6 HT. wT APEU 6P9k Dft Wt. WT. "r1

4
mT AbS

02Y 121 12e A2 02 0.00 0 2. 1 10 -6 220 0 60 ISU630 0 0 0 0."0 0 3 10 60 so -)031 0 0 0 C.uD 0 14 110 so So 43
0o3 0 0 0 O.v4 0 25 60 so 50 43
633 0 0 0.00 0 22,00 40 14 90 60 60 AU034 75 7 3 1 .75 0 2.,o0 10 -9 90 0 30 154uOS, 0 0 0.0 0 15.i0 30 3 60 30 3o 1u
63L 0 0 0.u: 0 15.1,0 so 14 30 is 30 SO037 lo 13 IV 3 0 0..i0 0 -6 160 0 50 21063o 47 0 0.00 0 10.-0 U 3110 50 50 I2v03V 0 0 0.00 0 20.ou 30 11 60 s0 so 120
040 1OU lOi 41 0 1.50 0 15."u 40 -7 140 0 5a ISO041 0 0 0.00 0 17.u 30 S 90 50 s0 7u
64, 0 0 0.00 0 30.40 30 14 40 50 So iv043 So 4 0 0 1.0 0 5.o0 10 -9 70 0 40 1?#044 0 0 0.00 0 7.,u 20 3 30 40 0 190-4S 17; 27, 330 330 1.t0 0 5.JU 10 -7 550 0 150 151040 0 a 0.00 0 35.'4 40 3 400 1S0 ISO ilU047 7SU J8 0 0.00 0 d2.,u 40 1 250 1SO 150 Au040 0 0 0.00 0 22.,' 40 25 100 150 150 0049 154 71. 270 270 0 0."0 0 -12 990 0 g0 1lu050 0 0 0.00 0 49.to, 69 3 900 90 60 906051 0 0 0.U0 0 14.15 19 21 040 60 60 10
0s0 0 4.00 0 14.15 S9 33 700 60 61 7UoSi 0 0 0.00 0 14.7- t9 45 720 60 60 Yu654 0 0 0.00 0 14.11 9 SY 660 60 60 7U655 0 0 0.00 0 14.15 '>9 A9 600 60 60 ?U
056 0 0 O.UO 0 14.1 q 41 A 40 60 60 ?a657 0 0 0.0 0 14./. 59 03 440 60 60 Yu
650 0 0 0.00 0 14.11 59 105 420 60 60 7u65v 0 0 0.00 0 14.12 !9 117 50 60 60 Yu660 0 0 0.00 0 14.17 59 129 30 60 60 74081 0 a 0.00 0 14.1 59 141 240 60 60 7466e 0 0 4.00 0 14.15 !IV 1S 10 60 60 740663 0 0 0.00 0 14.1 1> 165 120 60 60 7U664 0 0 0.00 a 14.1t 59 177 0 60 60 7u06S d45 241 e*3 203 0 O.-.U a -9 ISO 0 60 154
666 740 741 134 .34 0 0.10 0 -6 200 0 40 15U667 0 0 0.00 0 24.?1 09 S 1SO 40 40 12u66b 3e 770 0 0.0 0 ?.'0 20 19 120 40 40 Izi6640 0 0 0.00 0 7-'0 20 31 so 40 40 120671 0 0 C.00 0 7.10 20 43 40 40 4C 12671 .oft 1 44 0 3.00 3 10-.. 30 -7100 0 70 14o0z 454 '3 0 0.00 6 15.'a 10 3 910 70 70 11670 V34 1 /g3 0 3.uo 3 40.-0 40 21 040 70 70 200074 1.34 a 9%8 0 3.00 3 40.-0 40 34 770 70 70 20U671 1634 1 1974 0 3.00 3 40. 0 40 47 70n 70 70 20,-675 1860 lO6 2970 137 3.00 3 40.-0 40 A0 63L 70 70 2ou677 1066 lo0 199 543 3.00 3 40. JU 40 73 560 70 70 204015 2101 e1u1 1335 11 .. 00 3 40.-0 40 A6 490 76 70 0167-j A101 21411 Z347 997 3.00 3 40.!0 40 99 420 70 70 ZOu0n0 1634 a 1109 0 3.00 3 40.j 40 112 3$0 70 70 0OU681 1069 186 1954 414 3.00 3 40.--0 40 175 290 70 70 20U097 100 186 Z0. 514 3.00 3 40."'0 40 138 210 70 70 20983 1034 41 1675 0 3.00 3 40.0 40 251 140 70 70 ko,004 0 1 0 03.00 3 40.,0 40 164 7 70 70 2Oo
061 900 9041 3A3 363 0 0.1o 0 -12 40 0 an 154686 0 0 00.00 0 1o.lu 10 3 410 s0 50 60to/ 0 0 0n.00 0 79.0 79 7# 360 so s5 2060 0 0 0.00 0 79.u0 79 40 310 s0 50 2d0a9 0 0 a a 0.00 0 19.00 79 52 200 50 50 20
090 U 4 0 0 0.00 0 l9.ho 79 64 210 50 50 2c091 0 J 0 0 0.00 0 79.--0 79 76 10O s0 50 2p692 4 U 0 0 O.O 0 79.10 79 8110 0 o 2a693 c . 0 0 0 O.,M 0 100 so I0 50 S
694 62 ,2 14 14 0 0.-0 0 -6 190 0 00 1SU61 0 0 0.00 0 7.00 20 3 130 60 60 71.94 0 0 0 0.9O 0 20 70 60 60 6tboy 21 0 M4 0 0.00 0 12.,0 30 -7140 0 70 Oua90 0 0.00 0 12.u 50 3 00 70 40 140099 1 0 0.00 0 22. 0 30 19 40 40 40 12
700 10 1 10 00.00 0 2. 0 10 -t to a 60 t8o701 0 0 0.00 0 5.-0 24 3 20 60 0 13702 5' 4 5 95 1.10 0 5.0 10 -6 230 0 50 15103 0 0 0.00 0 20.10 40 3 150 50 So 70104 0 0 0.00 0 20.10 so 12 1O0 5 so 7a701 0 0 0.00 0 Z0.-O 30 21 50 5 50 70lb06 5 4 70 70 1.50 0 5.00 10 -6 200 0 50 154107 0 0 0.00 J0#.,o .O 3 15g 70 So 74/00 0 0 0.00 0 20.0 30 o2 100 5o 7u
710 0 0 0.00 0 24.40 40 21 so so 50 741
71O 0 0 0.00 0 20.90 40 14 110 50 so 4w711 0 00.80 0 20.-v 40 2s 60 5 so 40712 69 a 74 74 1.50 0 10..o 10 -7 20 0 50 12071 13 0 0.60 0 17.50 30 3 too so so so714 0 0 0.00 0 20.06 40 14 110 so so 40715 0 0 0.00 0 20.0 40 2S go so 58 471. 63 63 36 0 0.0 1 2.50 10 -9 12 8 so ISO71 0 0 0.00 0 15.00 20 3 IS 5 38 so716 0 6 0.00 0 15I. 20 14 46 39 30 30
71' so 6 0 62.25 0 7.-0 10 -7 120 0 9 15O720 0 I 0.06 0 20.00 30 3 76 g 0 30 90721 337 337 376 326 .75 0 2.10 10 -7 ISO 9 So ISO722 p 13 a 13 0.00 0 19.75 59 3 log so S0 15o723 0 0 0.00 12.1o 30 17 50 50 50 154724 S 0 0 0.00 c 35.110 50 3 240 so so 40725 94 0 0.60 0 35.00 so 3 240 as 6o 40
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A.G X AVU 1 .1 $IOqy AI-OVF s5105, b-L
1
1U1% 15911 PAR9 1I117 AVG % AVG E01 AVG X AVG E11 PUN I 4U

9
4 2 RUN 4 RUN 4 RUN 5 4Ul. gu%0 I6.' zx#v0 '.02GHZ 4606 "ALL WAS$ APER WALL MASS Pr PC P9 pr PC P; PCIF640 94) U.00 0.00 So 290 2"1 logo logo 333 2 Soo0

631 U.00 0.00 43 2.93 150 6 3 663,e o.Uj 0.00 43 0.00 is 6 S 12U.00 0.00 43 7 16.3 .U0 5.00 404 4 763 70u 22.54 15.00 so 50 so 59 S e 4 5fi3s 11 5 25.!00 0 0 so 2.50 1402 45 71
636 u.Uu 19.00 !00 2 3 A

i6317 71 .01 70.110 220 167 167 143 1&3 125 167 63
6316o 20.00 120 0.00 i10 33 40 40 3 31 6364 2u.o 20.00070 MC 120o 11 11 & 19 is26-401 4 ..1u ) 75 7000 100 200 200 91 9141 4.J 10.00 70 15.00 11-0 17 23 5 24

64 1.0 27.50 105
0.440 .s 9 56 56 21 21 67 2S55-. ..00 1206 1Y4 e 4210 5.00 Ida 750 290 200 210 10s0 1000 1000

647 2.0 6 so o s 1 12 9 id04 U.001 72.1 0 35.00 us 37 so 29 29 it 10 .36645 u.gui 22.50 no 21 24 24 26 1s 24649 90 lu.01 40..10 90 1n09 1000 200 200 1009 1009 )00650 2,e.5 14.7s 70 0.00 150s 13 5 a651 u. v-J 14.7S 70 4V.50 -is 13 20 0054? 1J. u1 14.75 70 14.75 to 10 11 I 11655 0.04 14.7s 70 14.75 t0 11 11 is is 172. 0.J 4.Y5 70 14.75 70 14 14 21 22 190.0'I 14.7S y0 14.75 ?a 17 17 2S 25 23.~1J 14.15 70 14.75 70 21 21 25 29 2661 .6 4.75 70 14.7S 70 22 20 26 3 1 2
V.aUi 14.75 70 14.75 10 23 28 26 33 34 3604.0 .7 70 14.75 70 ~ 429 29 36 37 S3660 U bu 24.7 IS 14.75 70 31 31 30 30 3666 0). t.

7  
7 1.7 7 32 31 40 40 36667 0.00 14.75 70 14.75 70 ~ 924 24 30 3v S

tt64 ~ ~ .5 70 1*5~ 23 23 23 30 30 29U ~ 64 14.79 to 16 16 23 10 19605 u I0 e2. 5 s. o 200 1000 1009 1009 250 2!3 10066 j J.1j) 24.79 1w0 500 500 250 250 50 0 90
67 0.0I 7.10o 120 0.00 110 20 32 3? 25 24 2916 U .bj 7.10 120 24.75, 14e0 67 67 36 36 77 67 4A66-0 4.01 7.50 120 7.50 120 23 14 14 17 26 20* .70 0.0", 7.50 120 9671 75 0.04 10.00 100 2970 3 6 206

11.a. 40.00 200 2.,>0 110 s0 42 42 32 43 4661 U.94 40.00 ?00 29.00 115 so 56 56 71 71 9C-74 0.02) 40.00 200 40.00 20 0 9 6 77 71 s3
67 U.01 48.00 200 40.00 e00 ,0 77 77 63 83 10Ail V.v1 40.00 k00 40.00 200e III ill ill $1 91 Illr-77 0.04) 40.00 200 40.00 .200 Ill 143 143 10 10 1267 .03, 40.00 F00 '0.00 t.10 167 200 200 Ill, Ill 143@7 2.0.' 40.60 200 40.00 .04 6 0 0 2 2 6

eel $.a4.0 0 000 205 143 143 129 125 4311@1 0.1,J 40.00 200 40.00 200o ill 143 14S 129 129 121@5 J.1, 1 40.00 200 '0.06 20e1o13 13o2 12 2.. t ..04 40.00 200 4C.09 200 so Is$ 100 71 71 Soo'64 w.v4 48.00 200 26 .53 33 20 20 37045 0o 1.' 10.00 60 300 1000 1000 1000 1009 1009616 .01 79.00 2o 4.00 11 2 1 1 166 1.6) 79.00 20 10.Go 60 2i16 14 166 14o 790 20 7.0 0 26 1 4 14 2 210.00 79.00 20 79.00 402 1 4 820 2691 1:4 7.0 0 7.0 2 26 23 213 29 23 2S6. 1'.01 79.00 26 79.00 20e 26 14 19 29 21 21.
92 101 0.00 50 79.00 e0 26 23 23 17 2# 28693 ..)79.00 

le0 21 12 12
69 7 o~~710 7 335 333 333 S30 Soo U0,91 .1. 0.0 65 0.00 11-0 19 19 9 14 146.6. 7.0 724 1 7 14 1%097 4v,> 12.50 140 38 so 40 40 250 4709 .&*1 72.50s 120 12.1.0 200 11 it 6 164 Q.64 12.50 140 6 A

70 0. ~ 100 1053 53 71 71 77 71 il670 U.N9 2.90 1S0 10 1s 4 4 19y.- 60 0.6i 20.00 70 17 0 8 6
103 ,1.1 63.G 70 2.03 167 14370 .1.o 0.0 0 .0 1020 27 6 10 24104 17.51 20.00 70 20.00 i'232s6 21 375 1.420.00 70 11 12 6 14 19706 57 4:64 20.00 70 1s? 43 43 26 143 200707 it'10.0 20.00 70 9.00 110a 20 27 it1 24700 I.S3 20.60 70 20.09 7g 0 2 2 321.51) 20.09 74 1 1 6 1j 716 0.0 20.0 40 17is049 9 73711 10ad 20.00 40 20.S 22 12 2467~ - :.7 

3,: 0 3 i: 271 1..1 700 4 0.00 0 26 4S~4I1 2s 22 12 24
717 9.9 19.0 

%25 2.53 
33719 106.0 19.00 6 3481 I' 66 4 7

719 72 .60 20.00 92 5 3 3 3720 4#.10 2.94o
72 .03 IS6 1533 0 206 36 50

724 21 8 3 6 3

72228 225 4e

75 20.61 20 20 443m

B-33



VII. San Jose, California Data

C0A inJ
RUh I RUN RU UN 4 RUN S RUN 6 RUN

DO SI Mk ARD FACLITY PART STORY V US6 oor TOTAL TOTAL D S~ TOTAL TOTAL TUTAL TOTAL ROOF TO L

k 3 L C T O N U m q H 4O , 4 . C O D E C O D E C O T Ro r o f C O T r R F R p r C O N , F

72 6 72 116 74 1 a 51 S 5 ,019 * t .,8 009 .009 .009 .019 .016 .. 07 .GO 7

727 724186|R 74 1 
32 .07 k3 26

726 7 dIO0OR 85 1 0 36 49 :000 :019 :001 :001 :001 :001 . tUoO .000 .000 .000

7 728 18| 08 as 1 1 6 49 001 ,013 013 008 009 009 030 003 002 00 2

7 0 72610008 85 1 2 36 49 .08 *022 *022 033 033 033 , 3 S 004 010 ,n I6

7 3 1 7 1 1 0 0 0 6 a s 1 3 • .1 7 8 . 6 3 0 6 0 . 6 0

72 72810006 th I a 7 45 .03 .0o6 :oo3 .o00 .005 .o1 :ole

3 3 7 8 1 G O O G s h ..e, , 3 8 1 5 7 0 0 6 0 3 7

74 7810006 86o 0 3 2
135 I-ea 0m Ott 1 0 43 11 :oo0 :0DD :001 :000 :000 :000 .jo, .coo .coo . o

3 a 7 210 008 a s I 1 0 00 04 7 , . ,00 1 .0 17 0 1 7 ,U22 030 000 , u20

73 7 7 2 10 0 0 6 o f0 2 4 3 1 1 ,0 02 ,0 0 b oo b0 00 2 0 02 0 0 2 0 0 2 0 0 0 0 0 0 ,n flt

73 d 72 10000 as 1 3 ,012 036 010 010 010 ,U20 .006 007 010

74v 728100t ON 1 4 .4 06.4 12 U1.4 4

7 4 0 7 8 1 0 00 6 2 0 1 a 7 5 5 .0 0 1 U n .00U0 1 o

741 7 1BIG88 04 1 1 .169 203 .UO 3 ,104

742 7 ZO118888 2U4 1 2 034 ,051 008 .04

7 4 3 7 2 4 O U 0 8 ie0 4 j .9, 4 1 0 4 7 0 1 5 0 7 1

744 7 16 00 C4 1 4 ,u33 039 030 074

741A 7?aj0wO 1!4 1 5 , ,37 041 059 0915
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Appendix C

Buildings Not Used in Regression Analysis

This appendix contains a list of those buildings not analyzed in the regression

analysis; they were not included in this analysis for one of the following reasons:

1) Correspondence of NFSS building part numbers and RTI assigned part

numbers could not be determined. Shelter-marking sketches, NFSS Phase I

FOSDIC forms or Phase 2 DCF's were required to identify part numbers assigned

to complex buildings in the NFSS and these were not always available.

Therefore, if such data were not available it was impossible to determine

which portion of a complex building should i-e compared with RTI results.

In many cases the RTI analyst considered it necessary to break a building

into multiple parts, whereas the NFSS submission was done as a single
f
Ibuilding part. Conversely, ma.y buildings subdivided into parts in the

INFSS were done as one part by RTI.
I 2) The number of stories assigned to a building in the NFSS did not match

the number of stories determined by the RTI field survey teams.

3) The EM-NFSS PF or the EM-RTI PF was not obtained. The EM-NFSS data

extraction program yielded the NFSS building characteristics (listed in
I

Appendix B) used in determining the relationship of PF to selected

building parameters. The EM-RTI rF was the base against which other PF's

and RF's were analyzed.

1
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Providence, Rhode Island Detroit, Michigan (Cont'd.)

Standard Location Facility Number Standard Location Facility Number

17220003 00061 43330134 05450

17240009 00447 43330136 05778

17240046 03002 43330153 04853

17240046 03040 43330158 04511

17240050 03339 43330161 05230

17240056 03584 4333074 02912

17240062 04086 43330187 02738

17240062 04092 43330195 02259

17240063 02014 43330240 01095

17240063 04135 43330282 03249

17240065 04318 43330290 01659

17240074 04827 43330294 00017

17240074 04881 43330331 01292

17240074 04894 43330382 00029

17240084 06068 £3330409 04372

17240090 06870 43330413 06278

17240091 06925 43330448 03247

43330461 03541

43330464 03571

Detroit, Michigan 43330464 03578

Standard Location Facility Number 43330492 04004

43330005 03504 43330510 03098

43310015 00250

43320015 00399

43330041 04079 New Orleans, Louisiana

43330042 02780 Standard Location Facility Number

43330077 05320 52420060 00371

43330079 06035 52420022 00070

43330080 04476 52420071 00225

43330091 04957 52420074 00410

43330107 05530 52420075 00286

43330109 06086 52420086 00350

43330115 05273 52420086 00486

43330115 05286 52420088 00161

43330123 05416 52420091 00027
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New Orleans, Louisiana (Cont'd.) Albuquerque, New Mexico (Cont'd.)

Standard Location Facility Number Standard Location Facility Number

524200c' 00533 53110047 00077

52420101 00038 53110047 00078

52420111 00041 53110056 00118

52420142 00198 53110060 00111

52420130 00136 53110066 00108

52420137 00033

52420155 00425

52420160 00142 San Jose, California

Standard Locat'on Facility Number

72810002 00003
Albuquerque, New Mexico 72810002 00201

Standard Location Facility Number 72810005 00022

53110002 00008 72810006 00041

53110006 00006 42810008 00072

53110007 00001 72810012 0011.6

53110007 00002 72810046 00271

53110007 00004 72810097 34102
53110008 00105 72810163 00601
53110010 00038 72810165 03903

53110015 00211 72810165 03908

53110018 00029 72810165 04207

53110019 00099

53110021 00127

53110024 00063

53110024 00065

53110024 00073

53110024 00203

53110027 00139

53110027 00148

53110027 00156

53110046 80805

53110046 86530

53110046 89930

53110046 89940

53110046 90381
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Appendix D

Example of Regression Analysis Printout

Figure D-1 is an example of the printout from the TSAR program used to compute

the regression equations for this project. Included in the printout are a correlation,

mean and standard deviation matrix and a regression equation that is recomputed as each

variable is included. The variables used are identified in Table D-I. The two sections

of the example printout are: A. Correlation, Mean, and Standard Deviation Matrix, and

B. Example of Stepwise ,ltiple Regression.

Section

A This figure gives the Correlation, Mean, and Standard Deviation Matrin.

B As found in the TSAR Manual,- the headings are defined as follows:

I;
N = The number of observations. Observations for which any of the
variables are blank (no score) will be ignored.

FINCLUDE and FDELETV &: -ci1Ey the threshold F values which determine
what variables are icclude4 In and deleted from the partial regression.

To be included, e - riAble mist have an F value greater than FINCLUDE;
to be deleted, a variable in -t have an F value less than FDELETE.

MULT R =Multiple Coerelation Coefficient - the square root of the ratio
of the regression sums of squares to the total sums of squares.
(MULT R)2 is sometimes called the coefficient of det'rmination, and is
the proportion of the total sums of squares accounted for by the
regression.

SE EST = Standard error of estimate = the error afenciated with the
regressions equation at a given point.

2SE EST SD (1 -MULT R2)/DF

where SD is the standard deviation of the dependert variable.

Fvalue - this F is distributed as F(NV, DF) where DF is N miaus the
number of estimated parameters in the regression equation (number of
variables plus one for the constant term, if any) and N,, - N - DF - 1
the number of included variables. This F value gives tfie significance
of the regression equation. It is the ratio of the regression sum of
squares x (1/NV ) to the residual sum of squares x (1/DF). Another

(MULTR)2 x DF
method of calculating F is (1 - MULT R)' x NV

-/ Tele-Storage and Retrieval System, User's Manual. Durham, N. C.: Duke
Computation Center, November 1967.
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Section

B BETA Partial regression coefficient. BET 1 measures t.he average
(cont'd.) increase in the dependent variable per unit increase in the ith

independent variable when the other independent variables are held
constant.

The values for BETA are obtained by solving a system of equations of
the form

boN+b1 x1+b2+ x2+-.+b k xk - y

b0 11~b x1b 12+-. 'k Xl,Xk :xlY

2

b0 xk bl x +b2 xkx 2 +. k xk Xky

SE BETA the Standard Error of Bett.= the error associated with beta.

SE BETA - (EDD) (EII)/DF

NOR B - Normalized Beta = BETA (MEi.q

SD
B = The regression coefficient - BETA - where S is the standard

S D

deviation of the dependent variable, and S is the standard deviation
of the independent variable.

SE B - Standard Error of B the error associated with each B
(regression coefficient).

SE B - (SE BETA) x D

F - The F value which indicates the significance of adding the

inb F- BETA N2variables, F BETA and is distributed by F(1,DF),,
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Table D-1

Variables Used in Example of Regression Analysis

Variable Description

RF1 Total reduction factor (roof and ground contributions) to the detector in
the center of the story analyzed from NFSS Phase 1 calculations (Pl-?I'SS).

CLI Roof contribution to the detector in the center of the story analyzed
from NFSS Phase i calculations (PLl-NFSS).

F1 Basement indicator--it is assigned a value of 1 for basements and 0 or
-1 for above ground stories.

SILL Average of the aperture sill heights reported in ,NFSS Phase 2 for the
detector story.

APER Average of the percent apertures reported in NTSS Phase 1 for the detector

story.

CLIT - Mass thickness (psf) of the floor above the detector as determined from

NFSS Phase 1 data.

OHWT Total overhead weight in pounds per square foot (psf) as determined from
NFSS Phase 1 data.

]t HT Height of the detector above the first story floor level as determined
from NFSS Phase 1 data.

EXPO Average percent wall exposure for the detector story (for basements only)
as determined from NFSS Phase I data.

INPAR Average interior partition mass thickness (psf) for the detector story as
determined from NTSS Phase 1 data.

FWIT Mass thickness (psf) of the detector story floor as determined from -SS
Phase I date.

WIJT Average exterior wall mass thickness (psf) for the detector story as
determined from NFSS Phase 1 data.

MINSL Mini-in value of the aperture sill height reported in NTSS Phase 2 for
the detector story.

MAXAP Maximum percent apertures reported in W.SS Phase 2 for detector story.

APERA Average of the percent apertuires for the story above the detector story
as determined from NEFSS Phase 1 data.

WWTA Average exterior wall mass thickness (psf) for the story ab--,e the detector
story as determined from .FSS Phase 1 data.

(continued)
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Table D-1 (Continued)

Variable Description

APERB Average of the percent apertures for the story below the detector story
as determined from NFSS Phase 1 data.

WWTB Average exterior wall mass thickness (psf) for story below the detector
story as determined from NFSS Phase 1 data.

RF7 Total reduction factor (roof and ground contributions) to the detector
in the center of the story analyzed from PF-CMT calculdtions using
building input data collected by RTI survey teams (EM-RTI).
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Appendix E

Data Displays

This appendix contains displays of data for each of the 43 samples selected
for this study. These samples were analyzed to determine the relationships
between selected pairs of seven methods of calculating reduction factors. Each
display contains the linLar regression line obtained by this analysis alongfwith its associated standar- error of estimate and correlation coefficient. In
addition, the regression line forced through the origin with its associated
standard error of estimate is included.

Observations indicated on the displays by asterisks (*) may represent more
than one shelter story if the values are very similar for more than one shelter
story. If the results of one method were to equal the results of another method,
the regression line would be a 450 Line. The 450 Line is indicated by dots (.)
for orientation.
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EM-RTI RF -0.773 [P1l-NSS RF]
Standard Error of Estimate - 0.013

*

'9 B- EM-RTI RF - 0.595 [P1-NFSS RF] + 0.005
Standard Error of Estimate - 0.013
Correlation Coefficient - 0.571

0711

* 450 Line

0
4 n o

U ,*_ -- • •

nnn ni n . pi n. .0 .

•,;S Phae 1) •

11 n • P•*o :0 e

Fig.E.I ReatinshpZ-eenFSS FS n E-T Reduction Factors

(Total Simple - 340 Shelter Stories)
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EM-RTI RE 0.943 (P1-NESS RE]
Standard Error of Estimate w 0.009

* EH-RTI RE 0.735 [P1-NESS RE] + 0.005
Standard Error of Estimate a0.009
Correlation Coefficient - 0.712

* ~ -i45 0 Line

A

aB

41C

I.
P1-NEFSS Reduction Factor

(NESS Phase 1)

Fig. E.2. Relationship Between P1-NESS and EM-RTI Reduction Factors
(Providence - 58 Shelter Stories)

E-3



",~ ( EM-RTI RF 0.962 [Pl-NFSS RF]
Standard Error of Estimate - 0.014

()EH-RTI RE - 0.875 [P1-NESS RE] + 0.003
Standard Error of Estimate - 0.014

"*'I, ' Correlation Coefficient - 0.685

* 450 Line0\ •

A.

03

pn .Vn1

P1-NFSS Reduction Factor
(NFSS Phase 1)

Fig. E.3. Relationship Between P-NFSS and EM-RTI Reduction Factors.
(Detroit - 47 Shelter Stories)
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.1')'EM-RTI RF -0.810 [lP-NFSS RF)
Standard Error of Estimsate - 0.013

EM-RTI RF - 0.655 fPl-lIFSS RF) + 0.005
Standard Error of Estim~ate -0.013

* Correlation Coefficient -0.590

045 Line

0 0:

n4.
* v

gaa

w~ *-~i.T

In ln 0 nn ~

PI-NFSS Reduction Factor
(.NFSS Phase 1)

Fig. E.4. Relationship Between Pl.-NFSS and EM-RTI Reduction Factors.
(New Orleans -117 Shelter Stories)



.101 ()EM-RTI RW 0.861 [P1-NFSS RW]
Standard Error of Estimate - C.008

GEM-RTI RW - 0.730 fPl-NFSS RF1 + 0.004
Standard Error of Estimate = 0.008

*191 Correlation Coefficient - 0.843

.171

45 0 Line

1--

00

Ilntl .010 A00.3n *fl4f .0150 fl

Pl-XFSS Reduction Factor
(NFSS Phase 1)

Fig. E.5. Relationship Between Pl-NPSS and EH-RTI Reduction Factors.
(Albuquerque -28 Shelter Stories)
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EM-RTI RF -0.571 fPl-NTSS RY]
0Standard Error of Estimate 0.014

( E-RTI RF - 0.353 [P1-,NFSS RI + 0.007

Standard Error of Estimate - 0.013
Correlation Coefficient 0.387

* F 45 Line

0a.

124

-4000

nn . .. 2n .nn .14n.

PI-NFSS Reduction Factor

(NFSS Phase 1)

Fig. E.6. Relationship Between Pl-NFSS and EM-RTI Reduction Factors.
(San Jose - 90 Shelter Stories)
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.t~ ® EH-RTI RF -1.000 [P1-NESS RFI

Standard Error of Estimate - 0 .009

GEM-RTI RF - 0.800 [P1-NESS RF] + 0.003
,391 Standard3 Error of Estimate - 0.009

Corelation Coefficients - 0.57,3

45 0 Line

9
4

103

Ono0 nip .020 n03n n04n 050 Of

P1-NESS Reduction Factor
(NESS Phase 1)

Fig. E.7- Relationship Between P1-NESS and EM-Rn Reduction Factors.

(Basements -116 Shelter Stories)



EM-RTI RF -1080 [P1-NFSS RFI
Standard Error of Estimate -0.009

.1911-(D EM-RTI RF -0.880 rPI-NFSS RF) + 0.003
Standard Error of Estimate - 0.009
Correlation Coefficient - 0.603

45 Line

I0
4-J- .31 -

tu A

-4D

V C
V : 14B

* 321

.31 .

nipl p00.2D n03n .04n .05n .00O

Pl-NFSS Reduction Factor
(NFSS Phase 1)

Fig E.8. Relationship Between P1-HFSS and EM-RTI Reduction factors.
(Basement with Roof Contribution >50% of Total RP -- 98 Shelter Stories)
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I,

IO EM-RTI RF 0.723 [Pl-NFSS RE)
Standard Error of Estimate - 0.007

SEM-RTI RE - 0.577 [P1-NFSS RF] + 0.002
390 Standard Error of Estimate - 0.007

Correlation Coefficient - 0.498

.380

.070 L

.360

o1 .,350
450 L i n e

9: -4

1-0 V

Vm 0

04 .33
%.W

*~ A

.320 B

J.3103 .-•

$Ila

.On0 .010 .020 .n3n .040 .050 . 60

P1-NFSS Reduction Factor
(NFSS Phase 1)

Fig. E.9. Relationship Between Pl-NFSS and EM-RTI Reduction Factors.
(Basement with Roof Contribution <50% of Total RF - 18 Shelter Stories)
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.101

E•-RTI Rf = 0.754 fPl-NFSS RF]Standard Error of Ealimace i 0,015

Q EI-RTI RF - 0.543 [Pl-NISS RI] + 0.007.193 
Standard Error of Est4 -mate - 0.014
Correlation Coefficient - 0.487

.)71L

S-450 Line

te

341* 
A

*'. "3 * * . *

* n i n _ n . *•.t .: *.. .. .•

• 0 •* 0

.ln0 .010 .07.1 .030 .040 .050n . f. O 071

Pi-.NSS Reduction Factor
(hFSS Phase 1)

Fig. E.l1. Relationship Between Pl-.NFSS and "EM-RTi Reduction Facters.
(Above Grade Stories - 224 Shelter Stories)

E-11



I

1010A EM-RTI RF 0.896 [Pi-NFSS RF]
Standard Error of Estimate - 0.016

( EM-RTI RF= 0.660 [P1-NFSS RF + 0.007
Standird Error of Estimate - 0.016
Correlation CoeffiFient - 0.539

t

.373

. .16'1 -
450 Line

0~ .Q
uA A

141

IBI

.130

I •

.010 .020 .03n .40 .050 n6o
P1-NFSS Reduction Factor

(NFSS Phase 1)

Fig. E.11. Relationship Between PI- IS EM-RTI Reduction Fp-.tors.
(Above Grade Stories with Roof Contributio. > 507 of Total RF - 25 Shelter Stories)
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7 EM-RTI RF 0.740 [Pl-NFSS RF]
.10iu Standard Error of Estimate - 0.014

®EM-RTI RF - 0.535 [PI-NFSS RF] + 0.007
Standard Error of Estimate 0 0.014

Correlation Coefficient = 0.484
.191

181 [- 1 9

.3 7 "

ii

. 1161
• 9 - .

450 Lin

•
I~~ 151." g

'4

j .14). . * r.,
V A
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.110 nin .020 .030 04A .050 .060

PI-NFSS Reduction Factor

(NFSS Phase 1)

Fig. E.12. Relationship Between Pl-NFSS and EM-RTI Reduction Factors.

(Above Grade Stories with Roof Contribution < 50% of Total RF - 199 Shelter Stories)
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El
.to1f0 Q EM-RTI RF - 1.066 [Pl-NFSS RF]

Standard Error of Estimate - 0.009

EM-RTI Rr - 0.744 [Pl-NFSS RF] + 0.005
Stavlard Error of Esticzate - 0.008

.9] _Correlation Coefficient - 0.609

.381 -

i
• 9.73 -

jj .35110

to

o 35 450 Line"

A* II"

1 4

S .331

! , 321

.'lO .fOip .020 .n3n ,041) .0n50 .060

PI-NFSS Reduction Factor
(NIYSS Phase 1)

Fig. E.13. Relationship Between Pl-NFSS ano EM-RTI Reduction Factors.

Use Clas Residential - 55 Shelter Stories)
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.In~I

EM-RTI RF = 0.871 [PI-NFSS RF)
Standard Error of Estimate = 0.008

• 'EM-RI RF = 0.776 [Pl-NFSS RF] + 0.002
Standard Error of Estimate - 0.008
Correlation Coefficient = 0.679

S171

450 Line

O .151

00

:.:= ."141 B

C

* I

"r. 131 -* ,

.1nO .010 .n2 . .4n nfl n6a

Pl-NTSS Reduction Factor

(NFSS Phase 1)

Fig. E-14. Relationship Between PI-hFSS and EM-RTI Reduction Factors.
(Use Class Educational - 43 Shelter Stories)
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4101 EM-RTI RF - 0.709 [Pl-NFSS RF]
Standard Error of Estimar - 0.013

EM-RTI RF - 0.520 [P1-NFSS RF] + 0.005
Standard Error of Estimate - 0.013

193 Correlation Coefficient - 0.459

. 381-

.371

W 36 -

0 .351

0 0:

'iC * 4 Line

.:. .343

. A

.313- * '

11.30 0 L - -- ... -----1

.Inc .010 .020 .030 .04n .050 .060

P1-NESS Reduction Factor

(NFSS Phase 1)

Fig. E.15. Relationship Between P1-NFSS and EM-RTI Redmction Factors.

(Use Class Government and Public Service - 41 Shelter Stories)
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.101 O EM-RTI RF= 0.960 [P1-NFSS RF]
Standard Error of Estimate = 0.009

EM-RTI RF - 0.931 [PI-NFSS RF] + 0.005
.191 Standard Error of Estimate - 0.009

Correlation Coefficient - 0.673

.181

.171

450 Line

. 161 *

0 B

00

-4 A
[-*

o .1 -41

.131 --- --- -- •

Innl .n1n .020 .nfn n4n .050 .060

. P1-NFSS Reduction Factor
~(NFSS Phase 1)

~Fig. E.16. Relationship Between PI-NFSS and EM-RTI Reduction Factors.

(Use Class Commercial - 141 Shelter Stories)
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F

(t) EH-RTI RF * 0.629 EPl-NFSS RF)

Standard Error of Estimate -.0 .
0 08

® EM-RTI RF - 0.410 [Pl-NFSS RF) + 0.004
Stands:. Etror of Estimate - 0.007

Correlation Coefficient - 0.601

.81-

.373

.163

0 0

.351 450 Line

.34

A

SII

.12

-1.301 ------ - .......... -- - -.. . .- --------- --.......---

."no .010 .020 .n3n .l4n .050 .060

Pl-NFSS Reduction Factor
(NiFSS Phase 1)

Fig. E.17. Relationship Between P1-NFSS an-" EM-RTI Reduction Factors.
(Use Class Industrial - 14 She tzr Stories)
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.I0"

0 EM-RTI RF = 0.997 [P-NFSS RF]
Standard Error of Estimate - 0.010

EM-RTI RF - 0.882 [Pl-NFSS RF] + 0.002

.191 Standard Error of Estimate - 0.010

Correlation Coefficient - 0.605

.371

.161

.u4 
0

450 Line

0*

* A
0\ B

0 ,

C.. .-

o .141
-.

Su .1331

.121

•.30T I_ --- I

•i"nn .nio .A20 .03A .04n .050 .060

P1-NFSS Reduction Factor
(NFSS Phase 1)

Fig. E.18. Relationship Between Pl-NFSS and EDI-RTI Reduction Factors.
(Structural Classification Wall-Bearing - 82 Shelter Stories)
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EH-RTI RF 0.747 [Pl-NFSS R ]
Standard Error of Estimate - 0.007

193 EH-RTI RF - 0.614 [Pi-NFSS RF] + 0.002
Standard Error of Estimate- 0.007

Correlation Coefficient , 0.602

.81

*379

'1 61

.36

0 a

060

O I ,45° Line."

10 31

-33

.100 .010 .020 .n3n .04n .05n .060

P1-NFSS Reduction Factor
(NFSS Phase 1)

Fig. E.19. Relatiouship Between P1-NFSS and EM-RTI Reduction Factors.
(Structural Classification Steel-Framed - 96 Shelter Stories)
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I O EM-RTI RF 0.811 fP1-NFSS RF]

Standard Error of Estimate -0.010

' 0' ® EM-RTI RF -0.628 [P1-NFSS RF] + 0.004
I Standard Error of Estimate -0.010

Correlation Coefficient - 0.554

.3181

.3171

.161

45 Line

14 C3

0 *
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.cc.2 03 00.5

01NS eucinFco
(NFSS hase 1

Fig.E.2. Reatinshp BtwenP-NSSad M- Reduction Factors

(Structural Classification Reinforced-Concrete Framed
119 Shelter Stories)
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?1-RTI RF =1.033 [P1-NESS RE;
.1 (Standard Error of Estimate =0.018

P1-RTI RF -0.679 [P1-NFSS RE] + 0.010
Standard Error of Estimate - 0.017
Correlation Coefficient -0.507

* *1 J~0

*~4 Line~

A

0o
"4 B~

00

040

to* 0

4.1

112 n~ *i nnS

PlNSSRdcto.Fco

4,S hae1

Fi.E2. eainsi ewenP-FS n IRI eutonFcos

(TtlSmle-4 hltrSois

E-2



-~| 3

rI

I
I
I

II
I

A DI-kf I" - 0.654 I1I-17Z IF)
Steao.rd error .1 Eatimte - 0.0h1

0 ,-ITAr I7 - 0.573 JPI-WI-S It] + 0.003
Staedsrd Error of LtlMte -0.010
Correlatlo Coefficlent -0.736

00

4&e Lima

• ,-. 3 a

0

--4
.4 00.
4

VA2

r x • . . -1 4 a• .) a t

PI-RTI Reduction Factor

(NSS Phase 1 Methods UsinR RI Dat~a)

Fig. E. 27. Relationshp Beteen P1-RTI and DI-RTI R eduction Factors
(Total Sample -340 Shelter Stoaries)

E-23



0 103
SEM-RTI RF 0.549 [P1-NFSS RE]
Standard Error of Estimate -0.008

~ (i)EH-F-TI RE - 0.292 [Pl-NFSS RF] + 0.004
.393 standard Errir of Estimate - 0.008

Correlation Coefficient w0. 194

. 383

'1 .371,

.163

u~.353

4

.943 450 1.4e

.331

ifIflfl .01O .020 .03n .040 .05n006

P1-NEFSS Reduction Factor

* (NEFSS Phase 1)

Fig. Z-2 Relationship Betweeni-NFSS and EM-RTI Reduction Factor.
(Work Unit I115A Phase 1 Data - 32 Shelter Stories)
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®P1-RII AF -1.248 [Pi-NFSS RF)
Standard Error of Estimate = 0.012

()P1-Rn RF - 0.561 [Pl-NFSS RF] + 0.012
I .290Standard Error of Estimate - 0.012

Correlation Coe-. zient - 0.258

.280

&dI

0~ 0:

* 45 LineIi0
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1-4;cc
0B

.3223

.0.00.020 .fl3n .04n .050 .060
P1-NFSS Reduction Factor

(NFSS Phase 1)

Fig. E.24. Relationship Between Pl-NFSS and P1-RTI Reduction Factors.
(Subtask 1115A Phase 1 Data - 32 Shelter Stories)
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.tO1

EM-RTI RF 0.451 [P1-RnI RF]

Standard Error of Estimate -0.006

.990 @ EM-RTI RF - 0.496 [PI-RTI RF] - 0.001
- Standard Error of Estimate - 0.006

Correlation Coefficient - 0.714
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o
.353

,1 v 4 450 Line
.1 243

0

I•

"- .331

WinI' .010 .020 n3n n4n .050 .060
P1-RTI Reduction Factor

(NFSS Phase 1 Method Using ItTI Data)

Fig. E.25. Relationship Between PI-RTI and EM-RTI Reduction Factors.
(Subtask 1l1SA Phase I Data - 32 'Shelter Stories)
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S•1,1 ( _@ EM-RTI = 1.082 [P2-NFSS RF]
Standard Error of Estimate 0.011

® EM-RTI RF = 0.890 [P2-NFSS RF] + 0.003

Standard Error of Estimate - 0.011
Correlation Coefficient - ..657
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045 Line
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. 1 "I . . . . '_

P2-NFSS Reduction Factor
(NFSS Phase 2)

Fig. E.26. Relationship Between P2-NFSS and EM-RTI Reduction Factors.
(Total Sample -292 Shelter Stories)
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.101 EM-RTI RF - 1.057 [P2-NFSS RF]
Standard Error c' Estimate - 0.009

O EM-RTI-RF - 0.745 [P2-NFSS RF] + 0.005
Standard Error of Estimate - 0.008

I 4 _ Correlation Coefficient - 0.720
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P2-NFSS Reduction Factor
(NFSS Phase 2)

Fig. E.27. Relationship Between P2-NFSS and EM-RTI Reduction Factors.
(Providence - 45 Shelter Stories)
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EM-RTI RF 1.039 fP2-NFSS IF]
Standard Error of Estimate = 0.016

EM-RTI RF - 0.399 [P2-NFSS RF] + 0.010O Standard Error of Estimate - 0.014
Correlation Coefficient = 0.953
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Fig. E.28. Relationship Between P2-NFSS a:d .-R7i Reducticn Factors.
(Detroit - 52 Shelter Stories)
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01i3 (X) EM-RT1 RF - 1.127 :P2-NFSS RF

Standerd Error of Estimate - 0.009

GEM-RTI RF - 1.016 [P2-NFSS RF] + 0.002
Standard Etror of Estimate - 0.009

.191 Correlation Coefficient - 0.537
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Fig. E.29. Relationship Between P2-NFSS and EM-RTI Reduction Factors.
(New Orleans - 90 Shelter Stories).

E-30



.1tl A EM-RTI RF =1.128 [P2-NFSS RE]

Standard Error of Estimate - 0.011

GB EM-RTI RF - 1.193 [P2-NFsS RE] - 0.002
Standard Error of Estimate - 0.011

*Correlation Coefficient - 0.389
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(H:EZS Phase 2)

Fig. Z .30. Relationship Between P2-NE-SS and EM-RTI Reductioi Factors.
(Albuquerque -41 Shelter Stories)
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. tl3EM-RTt RF "1.006 [P2- NFSS RF]

Standard Error of Estimate - 0.011

0 EM-RTI RF - 0.820 [P2-AFSS RF] + 0.003
Standard Error of EsLimate - 0.011
Correlation Coefficient 0.698
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Pig. E.31. Relationship Between P2-NESS and EM-RTI Reduction Factoru.
(San Jose - 64 Shelter Stories)

E-32



I

.101 __ ) @ EM-RTI RF - 1.068 [P2-NFSS RF]

Standard Error of Estimate a 0.010

EM-RTI RF - 0.884 [P2-NFSS RF] + 0.003
Standard Error of Estimate a 0.010

.191 Correlation Coefficient - 0.551
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Fig. E.32. Relationship Between P2-V*FSS and -M-RTJ Reduction Factors.

(Basements - 131 Shelter Stories)
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.101 EM-RTI RF - 1.122 [P2-NFSS RF]
Standard Error of Estimate - 0.012

G EM-RTI RF - 0.920 [P2-NFSS RF] + 0.004

Standard Error of Estimate - 0.012
.391 Correlation Coefficient - 0.579
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Fig. E.33. Relationship Between P2-NFSS and Pr-i-RTI Reduction Factors.
(Above-Grade Stories - 161 Shelter Stories)
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Fig. r-.34,. Relationship Bet'ueen P2-N7FSS and LH-R-I Reduction Factors.

(Use Class Residential - 88 Shelter Stories)
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.io A EM-RTI RF - 1.046 [P2-NFSS RF)
Standard Error of Estimate - 0.010

G EH-RTI RF - 0.913 [P2-NFSS RF] + 0.002
Standard Error of Estimate - 0.010

.193 Correlation Coefficient - 0.533
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Fig. E.35. Relationship Between P2-NFSS and EM-RTI Reduction Factors.
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.101 f EM-RTI RF 1.330 [P2-NFSS RF]
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Fig. E.36. Relationship Between P2-NFSS and EM-RTI Reduction Factors.
(Use Class Government and Public Service - 68 Shelter Stories)
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Fig. E.38. Relationship Between P2-NESS and EM-RTI Reduction Factors.
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Fig. E.40. Relationship Between P2-NFSS and EM-RTI Reduction Factors.
(Structural Classification Steel-Framed - 119 Shelter Stories)
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